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CHAPTER 1

INTRODUCTION

1.1 General

A new and comprehensive view of Earth is needed to cope with
environmental problems, as well as with difficulties caused by an
expanding population and the depletion of natural resources. Earth
must be viewed in its entirety as problems with the air-ocean-land
system are global in extent. Earth-orbiting satellites, including the
Earth Resources Technology Satellite (ERTS), have been developed which
are able to remotely sense the Earth's features as well as the data

collected by specifically designed data collectién platforms (DCP).l

1.2 The Alabama ERTS Project

The University of Alabama, with the participation of the Ceological
Survey of Alabama and the Marshall Space Flight Center, has undertaken
a study of the feasibility of applying remotely sensed data to the
management of natural resources and to the improvement of environmental
quality in Alabama. The accomplishment, of this purposé will require the
following:

(1) Identification and education of users with regard to the
potential benefits to be derived from space-acquired data.

(2) Timely interpretation and dissemination of beneficial infor-
mation to ultimate users, especially policy makers and regula-
tory agencies.
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(3) Analysis of whether or not .information from remotely sensed

data results in a significant improvement of the user's
decision-making ability and actions related to management
of natural resources and environmental quality.

The overall objectives of the Alabama ERTS project are summarized
in outline form in Table I. In addition, Tables II and III show, respec—
tively, areas of application of ERTS data and professional people who
could derive benefits from ERTS data.

Because water is one of the major natural resources and plays an
important role in the development of other resources, particular empha-
sis is given to water resources both as to quantity and quality in the
Alabama. ERTS project.3 Therefore, one of the primary purposes of the
environmental phase of this project is to test the feasibility of using
remotely sensed data in conjunction with ground truth data to monitor,
predict, and manage water quantity and quality in our waterways.

There are several applicatiqps for this concept to the monitoring
and management of environmental quality. One application is concerned
with the fast and accurate acquisition of data necessary to meet the
needs of water resource managers, which include both regulatory agencies
and private industries.? Results from data collection platforms stra-
tegically placed in a water basin, together with satellite imagery, may
be used to characterize environmental factors and provide means to record
changes in environmental quality. In addition, the ERTS data from the
DCP may be employed in monitoring environmental changes with regard to
enforcing state and federal regulations. The collected data may be
stored in an information system which would allow access to specific

data according to.the needs of the user.2



TABLE 1
(BJECTIVES OF ALABAIA ERTS PROJECTS

A, TO DETERMINE THE APPLICABILITY OF REMOTELY SENSED DATA
FROM ERTS FOR:
(1 LAD USE
(2)  INVENTORY AND MANAGEFENT OF NATURAL RESOURCES

(3)  IMPROVEMENT OF THE QUALITY OF ENVIRCRMENT

B, T0 DISSEMTNATE INFORVATIOH Tt FOR'S (ST SUITBLE FOR
ULTIMATE USERS:
(O PBLIC POLICY TECHIICIANS
(2)  TECISION MAKERS
(3 PRIVATE INDUSTRIES

() PRIVATE CITIZENS



TABLE 11

USES OF ERTS DATAS

FLOCD COTROL DISASTER DETECTION
SOIL STUDIES DAYACE. EVALUATICH
FESOURCE LIWENTORY SEDIVENT TRANSPORT
SURFACE HATER STUDIES TRFFIC STIDIES
VINERAL EXPLORNTION FROSION CONTROL

GROUND WATER STUDIES IRRIGATION

e VATER TEFPERATURE STUDIES
GROTH TRENCS  RP CDITIOS
RECREATION SURVEYING D MAPPING
NAGTTENT AIR QUALTTY MANAGEFENT
PESTICITE STIDIES © WATER QUALITY FUAGHENT

USBAN AND REGIQNAL PLANNING



TBLE 11T,

POTENTIAL USERS OF ERTS DATAS

URBAN PLANNERS CIVIL ENGINEERS
REGIONAL PLANNERS CHEMICAL ENGINEERS
FORESTERS | AGRTCULTURAL ENGINEERS
GEOLOGISTS | MINING ENGINEERS |
ECOLOGISTS GEOGRAPHERS
HYDROLOGISTS LIMNOLOGISTS
AGRONOMISTS - ENTOMOLOGISTS
BIOLOGISTS ARCHITECTS
PHYSICISTS ARCHAEOLOGISTS

y ASTRONONERS DEMOGRAPHERS
CHEMISTS : - LAWYERS

AGRICULTURISTS UNIVERSITY FACULTY IMEIMBERS



In order to monitor a water basin in an effective and optimum
manner, it is necessary tﬁat the locations of the data collection plat-
forms be selected such that measurements of water quality parameters at
these locations will be indicative of water quality over the entire
basin. This study is concerned with developing methodology for selec-
tion of these optimum monitoring sites as specifically noted in the

objectives given below.

1.3 Objectives

The objectives of this study were:

(1) to develop the methodology, based upon a systematic investi- =

gation, for selection of desirable locations for placing
remote sensing devices (data collection platforms) in a
waterway such that the data collected will be indicative
of the water quality over the entire basin.

(2) to select desirable locations for placing data collection
platforms in a portion of the Black Warrior River basin.

(3) to develop a mathematical model which may be employed to
predict water quality in the Black Warrior basin.



CHAPTER II

MONITORING SYSTEMS

2.1 Conventional Automated
Monitors

Chaﬁges in water quality, such as those caused by storms, industrial
spills, and flow changes from impoundments, often occur suddenly and
affect the concentration of many substances of particular interest. For
this reason, continuous monitoring of water quality is advantageous in
situations where these abrupt changes are likely to occﬁr. 'ﬁecaﬁse of
the manpower and time requirement involved in standard manual sampling
and analysis, testing in water pollution control work has been moving
more toward instrumentation. - |

A typical installation utilizing a continuous, automated monitor is
shown in Figure 1. Most automatic monitors have three basic components--—
sensor system, analyzer phase, and output phase. The sensing element,
which is the part of the system in contact with the.sample, may be either
immersed in the stream or set in flow cells through which the sample is
pumped. Because of advantages in design;and maintenance, most systems
use the flow cell principle; however, when the sensor is directly in the
stream, the sample is not affected by pumping, temperature changes, or
time of travel through the instrument.

The types of sensors currently available fall into several cate-

gories: (1) electrochemical sensors, (2) sensors based on colorimetric or
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light-scattering measurements, (3) sensors measuring temperature through
use of a thermocouple, and (4) sensors measuring physical parameters
such as velocity.

The analyzer phase of the monitoriqg instrument converts the signal
from the sensor into a voltage to apply to the output phase. The analy-
zer may be‘designed to receive signals from one or more than one sensing
element.

The output phase of the instrument presents the measured value in
the necessary units—-pH units, milligrams per liter, micromhos, etc.--
and records it permanently. This component normally has a meter panel
on the face of the instrument to indicate output to the. recording
devices.

Where a number of monitoring devices are interconnected to provide
a simultaneous evaluation of water quality in a river system, a tele-
metry system to provide remote handling of the data has almost become a
requirement due to the need for speedy collection and analysis of the

data.6

2.2 Description of ERTS Data
Collection Platforms

The instrumentation used in the ERTS program for monitoring water
quality, while in some respects similar to conventional instrumentation,
embodies some innovative features in its design and construction.

Figure 2 shows a sketch of one of the data collection platforms to
be used in the Alabama ERTS project. 1Its primary components consist of
the radio transmitter inside the upper housing, the antenna located onA

top of the housing, and the sensors, which are included in the lower
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PRIMARY COMPONENTS:
1 ~ Metal Pole (support)
2 - Sliding Fastener
'\ p
3 - Housing for Analyzer Unit, e 7/

Battery, and Electronic
Unit

p

-
;i \

4 - Antenna

5 - Connector from Sensor to
Analyzer Unit in Housing

6 - Quick Release Pin

7 - Sensor

Figure 2. ERTS Data Collection Platform

7
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extremity of the DCP. The instrumentation of the DCP will be fastened
to a metal pole which has been driven securely into the river bottom.
The fastener will allow vertical movement:of the instrument along the
pole, facilitating its removal for recalibration and other servicing.
The DCP will be submerged except for the antenna and a small portion of
the housing, allowing monitoring at a five-foot depth. Another attrac-
tive feature of the sliding fastener mentioned above is that it will
allow thé DCP to float and maintain the five—foot monitoring depth
regardless of changes in the water level.

The DCP will be one of three basic units in the overall data collec-
tion system, the other two being the ERTS satellite and the ground receiv-
ing station. As now planned, the DCP will be activated by a timér
shortly before the satellite is due to pass over in any of several adjac-
ent orbits within a line of sight of the DCP. The DCP will remain opera-
tional until the satellite has passed overhead, after Which the instru-
ment will be deactivated. The water quality measurements taken during
this period of operation are immediately beamed to the satellite by
means of a radio transmitter and antenna which are part of the DCP
itself. Computers on board the satellite will corrélate this data
rec?ived from the DCPs with imagery taken at the same time by sophisti-
cated scanners on board the satellite and transmit the data to the receiv-
ing stations on the ground.7

Two requirements regarding installation of the DCP are that it be
(1) near the shore, where possible damage by contact with river traffic
in the main channel will be minimized, and (2) in a position such that

the line of sight to the satellite may be maintained. This latter
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requirement would exclude areas having high or overhanging cliffs on

either bank of the river.

2.3 Comparison of the ERTS Data
Collection Platforms with
Conventional Automated
Monitors

In describing both the conventional automated monitor and the DCP
to be used in the ERTS program, several advantages of using the DCP
system became apparent. The primary advantage of the DCP is that it
allows immediate correlation of water quality data with imagery taken
from the ERTS satellite, in order that a methodology might be developed |
for detecting the occurrence of significant changes in the quality of
water. Another advantage is that this DCP data could be used for develop-
ing means of detecting changes in basin characteristics and the constit~
uents of runoff from the ERTS imagery.

Another attractive feature of the DCP is that after the satellite
comes down there is a poséiblity that the DCP could be utilized in the

same manner as the conventional automated monitor.

2.4 Parameters Monitored

In the selection of water quality parameters to be monitored, it is
important to select those which would be of the most benefit to the ulti-
mate users. It was decided that in the Warrior River basin the parame-
ters dissolved oxygen, temperature, pH, and specific conductance would
provide the most beneficial information for the management.of basin water
quality.2 Table IV, which lists parameters according to frequency of
usage in state water quality standards, indicates that, with the excep~

tion of conductance, which is used less than 20 percent of the time, the
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FREQUENCY OF PARAMETER USAGE IN WATER QUALITY CRITERIA
OF STATE STANDARDS®

Uniform Frequent Infrequent Rare
(100%) (99~50%) (49-20%) (19-02)
DO Radioactivity Arsenic Bottom Deposits
pH . Public Health Barium Chromium (+3)
Service Drink-
Coliform ing Water Stds. Cadmiunm Electrical
’ Conductance
Temperature Total Dissolved Chromium (+6) Ammonia '
Solids
Floating Solids Fluoride Acidity
(0il-Grease)
Lead Alkalinity
Settleable Solids Selenium CCE
Turbidity and/or Color Silver Hydrogen Sulfide
Suspended Pesticides
Solids
Taste-0Odor Turbidity Sodium
Toxic Substances Chloride Iron
Copper Plankton
Nitrate Foaming
Substances
Phenols Boron
Phosphate Manganese
Sulfate Hardness
Color BOD
Cyanide MBAS

Zinc
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selected parameters are those uniformly used in formulating state water
quality criteria. In view of the fact that state regulatory and plan-
ning agencies are anticipated to be one of the principal users of ERTS
water quality data, the choice of these four parameters appeafs to be

advantageous.



CHAPTER IIIL

SELECTION OF THE WATER BASIN AREA

3.1 Background

The original plans for this study called for the use of ten DCPs in
monitoring the water quality of several river basins on a statewide basis.
Later developments indicated that the number of available DCPs would be
reduced to the five now allotted to this portion of the Alabama ERTS
investigation. Based on this reduction, it was felt that the investiga-
tion should be confined to a single river basin to avoid a thin coverage
of a multiple basin area, where the data collected would be from rela-
tively isolated and unrelated points. Also, simultaneous evaluation of
water quality with ERTS imagery over a large geographical area would be
less significant than that produced for a smaller and more extensively
monitored area.8

3.2 River Basin Selected
for Investigation

The sector of the Black Warrior River from fiver mile 385.0 to river
mile 335.0 was chosen for evaluation in testing the utility of the DCP
concept for monitoring water quality. Shown in Figure 3, this stretch
of the river extends from the confluence of the Locust and Mulberry forks
downstream to a point approximately three miles below Oliver Lock and
Dam. These limits were selected, in part, because they cover all sig-

nificant pollutional effluents recelved by the Black Warrior River from

15
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Figure 3. The Black Warrior River Basin
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the highly industrialized area in the vicinity of Tuscaloosa. Another
unique factor concerning this sector is that the relative quality of the
~water both upstream and downstream of these limits is good while portions
of the area considered are grossly polluted, especially during the low
flow periods occurring in the summer months.

The reasons for choosing the Warrior River Basin for the study are

summarized as follows:

(L overall convenience of the basin in regard to data collection
and maintenance of DCPs to the primary investigating groups
at The University of Alabama, the Geological Survey of Ala-
bama, and Marshall Space Flight Center.

(2) relatively unrestficted use of the river as a receiving body
for disposal of sewage and industrial wastes.‘

(3) " location on the river of several major industries, such as
chemical, petrochemical, iron produﬁts, coking, pulp and
paper, and asphalt operations, which discharge wastewaters
with varied constitutents.

(4) location of several dams and hydroelectric power generation
facilities at Bankhead, Holt, and Oliver, which would allow
the investigation of their effects on the quality of water in
an impoundment.

(5 presence of both stratified and unstratified conditions in
the reservoirs, primarily due to the deep, slow-moving waters
in Bankhead and Heolt pools and the shallow, swifter waters in

Oliver and Warrior pools.
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(6) presence of both relatively unpolluted waters, such as
Bankhead Pool, and grossly polluted areas, allowing com-
parative modeling techniques fér various degrees of water
quality.

(7) potential for additional investigations, such as evaluating
the moderating effect of a clean stream (Mulberry Fork) join-
ing a relatively polluted stream (Locust Fork).

The above reasons for selecting the Black Warrior River point out

the numerous advantages inherent in selection of this area for investiga-
tion during this part of the environmental phase of the Alabama ERTS

project.



CHAPTER IV

REVIEW OF LITERATURE

Since the ERTS remote-sensing concept involving correlations of
imagery taken from the satellite with water quality data obtained by the
DCPs is new and unprecedented, reliance must be placed on previously
reported methqu for selection of DCP locations and for the development

of stream quality models.

4.1 Dissolved Oxygen Models for
Flowing Streams and Impoundments

The first dissolved oxygen model for predicting oxygen balance in
a flowing stream was developed by Streeter and Phelps9 in 1925. The
formulas, which are based upon two velocity constants, describe the oxy-
gen balance in a stream as a function of distance (or time) from a waste
load discharge point. These two parameters are ky, the deoxygenation
velocity constant, and ko, the reaeration velocity constant. These con-
stants describe the activity in the stream in an all-encompassing fash-
ion, with the effects of several known interacting factors such as
photosynthesis and bottom deposits considered as being included in the
ky and kp values.

Other investigators have proposed models which differ somewhat, but
all employ the original Streeter-Phelps formulation as the baéis of their
work., CoodmanlO was one of these subsequent investigators who developed
a mathematical model to apply to flowing streams containing no reservoirs

and not influenced by estuaries. This particular effort toward water
' 19 '
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quality modeling was based on modifications of the original Streeter-
Phelps equation and considered dissolved oxygen concentration as the
principal criterion of stream quality. These equations determining
changes in BOD and DO require input values for deoxygenation and reaera-
tion velocity constants, settling out of BOD to bottom deposits, resus-
pension of BOD from bottom deposits, and oxygenation by photosynthetic
processes.

More recent work involving modeling of flowing streams has been
reported by the Texas Water Development Board. The result'of tﬁis work )
was the development of a computer program called QUAL—Ill that is capable,
of producing a time history and spatial distribution of not only BOD and
DO but also temperature and as many as three minerals. This is accom-—
plished within the framework of a completely-mixed, branching stream or
canal system with multiple waste inputs and withdrawals. In addition,
this agency has developed the DOSAG—I12 program, which is used to simu-
late the spatial and temporal variations in BOD and DO under various
conditions of temperature and headwater flow.

One of the more useful recent studiés Fone on the subject of model~-

13 4ho developed equations

ing dissolved oxygen was conducted by Pyatt,
for predicting organic matter and DO deficit not only for a free-flowing
stream but also for an impounded waterway. These formulations are based

"error'" terms to

on the original Streeter~Phelps equations with added
account for the usually omitted factors such as bottom deposits and

photosynthesis which affect the deoxygenation and reaeration rates in a

stream environment.

The modeling of the reservoir-type situation is particularly note-

wofthy since relatively few investigators have even attempted such a
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study. Due to the lack of previous knowledge in this particular area,
complete mixing was assumed for the reservoirs, although this is not
actually the case in most impoundments.

Churchill and Nicholas14 also investigated the changes occurring in
the quality of water during its passage through Tennessee River reser-
voirs and during long storage in impoundments. However, these studies
were primarily observations in which no attempt was made toward develop-

ing generalized equations for predicting changes in impoundments.

4,2 Water Quality Monitoring
Systems

Quite a number of investigating groups have undertaken to set up
systems to monitor and control water pollution. Describing all of these
in detail would be a formidable task; therefore, only the ones considered
applicable to this study are reviewed.

McCormack and Perlis15 developed a method of optimizing the number
and locations of measurement stations needed for a particular monitoring
program. In developing this procedure they applied theories 6f system
optimization to a polluted stream model in which the primary dependent
variable was dissolved oxygen. The stream models were subject to random
variations and environmental changes. Measurement error was a function
of the number and position of the measurements, the sample size, and the
time between measurements. The developed policy minimized an integral-
type function involving mean square error and actual measurement cost.

Other studies, which may not be directly concerned with optimizing
locations of monitors, are strongly related to the use of water quality .
data in water resources management and therefore pertinent to the entire

16

ERTS project. A Harvard research team™ on the Lehigh River was the
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first group to conduct regional water resource ménagement studies using

systems analysis techniques. In recent years, both federal agencies and
universities have used systems analysis on river basins, including water
quality‘studies on both the Columbia and the Delaware river‘sysfems.

Another group to enter this field of basin management was the Ohio
River Valley Water Sanitation Commission (ORSANCO)l7 which in 1960 built
an automatic field monitor and a central receiving station to aid in
management of water quality in the river basin. Later, more field moni-
tors and data processing facilities were added to make up the integrated
system now in operation.

Testerman18 reported on a system for recording and transmitting
digital data at a remote water quality monitoring station that is unat-
tended. Signals from transducers, which measure water quality charac-
teristics; are converted to digital signals and recorded on magnetic
tape. This unit can be contacted from a central unit for playback of
the day's recording with the transmitted data being recorded by teletype
at the central station. The techniques developed in this stuay hold
promise for making water quality measurements in remote areas and at
numerous sites and reporting to one central station.

The United States Army Corps of Engineers6 has also conducted an
interesting study involving the control of impoundments to augment flow
based on information reported by a monitoring station concerning dilution

requirements.



CHAPTER V

DEVELOPMENT OF THE MODEL

5.1 General

The -steps outlined in this chapter were undertaken to develop a
technique which would ultimately lead to the selection of the desirable
sites for placing the ERTS data collection platforms. It was intended
that the methodology developed in this study would find general applica;
tion for the placement of remotely-sensed monitoring stations.

Since dissolved oxygen is normally considered to be the most impof—
tant parameter in défining water quality, it was decided that the pro-
cedure for selecting DCP monitoring sites would be oriented toward locat-
ing the critical dissolved oxygen concentrations in the river basin.

For this reason, the modeling technique considered in this study was
centered around simulating the dissolved oxygen concentrations normally
found in the river.

While dissolved oxygen is considered to be the principal parameter
of interest, the additional parameters of pH, temperature, and conduc-
tivity are also to be monitored. Factors®’such as mine drainage and run-
off from agricultural lands, which-would affect these latter three
parameters, were also considered in developing the methodology for

selecting the monitoring sites.

23
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In deciding to select locations of monitoring sites based on the
most sensitive points for dissolved oxygen, it was felt that the major
effects on the other three parameters could also be detected at these-
same locations. The opposite of this, that is, selecting locations-
based primarily on monitoring pH, temperature, and conductivity would
not necessarily produce locations of meaningful dissolved oxygen con-
centrations. The reasoning here was that while dissolved oxygen content
is very much dependent on time (and therefore distance), factors that
would be indicative of changes in pH, temperature, and conductivity,
such as dissolved solids content, are largely independent of time of
flow, depending instead on the amount of dilution received.

For the reasons discussed above, the fechnique developed in this
study does not simulate pH, temperature; or conductivity, but it does
include the capability of receiving inputs for factors affecting these
parameters should it become desirable to include these values in model-
ing studies.

5.2 Factors Affecting Oxygen
Balance in Streams

The factors responsible for the occurrence of oxygen variations in
streams as well as for the magnitudes of these variations are listed by
Goodman10 as: (1) depxygenation, (2) reaeration, (3) algal activity,

(4) benthal demand, (5) settling and resuspension of BOD, (6)Itemperature,
(7) streamflow, and (8) sunlight. The factors which serve to effect a
decrease in dissolved oxygen concentration are deoxygenation due to
oxidation of organic matter, benthal demand (bottom deposits), resuspen-

sion of organic matter having an oxygen demand, an increase in tempera-

ture of the water, and a decrease in streamflow. Conversely, those
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factors which would contribute toward an increase in the dissolved oxygen
are reaeration, the photosynthetic activity of algae in combination with

sunlight, settling of organic matter having an oxygen dem;nd, a decrease

in temperature, and the diluting effect of an increase in streamflow.

In Figure 4 a diagram is presented depicting activities which would exert

some measure of influence on the BOD and DO systems of the total river

environment.

5.3 Streeter-Phelps Equation

The first attempt to mathematically relate the factors affecting
the oxygen balance in a natural stream was performed in 1925 by Streeter
and Phelps.9 These investigators combined all the factors adversely
affecting dissolved oxygen into a basic deéxygenation equation, while
those factors contributing to an increase in dissolved oxygen were com-
bined into a basic reaeration equation. These two equations are shown

below in both their differential and their integrated forms.

Lo @)
L(t) = L,(e K1) (1a)
%% = “kzD (2)
D(t) = D,(e”k2t) | (2a)

In the above equations L(t) and D(t) are, respectively, the concen-
tration of organic matter remaining at time t and the dissolved oxygen
deficit at time t. The terms La and Da are, respectively, the concentra-

tion of organic matter and the dissolved oxygen deficit at t = 0, while
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k; and ky are, respectively, the overall deoxygenation and reaeration
rate constants.
Equations (la) and (2a) were combined to give the well-known dis-
solved oxygen sag equation shown below in Equation (3).

lea

k‘z‘-_kl(e—klt —e"katy 4 pa(e~katy (3)

D(t) =

This equation, developed for the case of a free-flowing, non-impounded

stream, has remained the basis of nearly all water quality research

°

related to dissolved oxygen.

5.4 Modifications of the Original
Streeter-Phelps Equation by

Pyatt

While the original dissolved oxygen sag equation developed by

Streeter and Phelps has remained largely unchanged, some investigators
such as Pyatt13 have attempted to make refinements, pafticularly in the
area of altering the rate constants to account for factors such as photo-
synthesis and bottom deposits in some manner other than grossly combin-—
ing them all together in the k; and kg rate constants.

Pyatt has proposed accounting for the additional factors in the
form of certain "error" terms. He has added a factor r, the deoxygena-

tion error term, to the general deoxygenation equation to obtain:

daL _ -k.L + r (4)

dt 1

which, when properly integrated, gives:

= -y Mt 4 T '
L(t) = (La kl) e + i (5)
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Similarly, Pyatt has added a factor s, called the reoxygenation error

term, to the dissolved oxygen sag equation to obtain:

a
dt

= le - k2D + s (6)

which, when integrated gives:

kiLa r

. D(t) = (e k1t —e"koty

+ i_ (r+s) (1—e~K2t) + p, e~kot (7)
2

The error terms r and s are usually set equal to 0.005. All other
variables in Equations (4) through «(7) are as previously defined.

One drawback to the use of Equations (5) and (7) is that they are
limited to use with a flowing stream. Recognizing this limitation, as
well as the fact that most streaﬁ; are now regulated to some extent,
Pyatt soqght to develop equations for the concentration of organic mat-

ter and the DO deficit in an impoundment. His efforts resulted in the

following equations:

_ ZL4
L(t) = L, ™8 + === (1-e74%) (8)
ZDin , K1 ZLin. | -Bt
= _— e R 5
D(t) D, 5 e (Lo 5 )| e
ki ZL4 —-A kiLi
+ ol - Ly eTAt 4 Z (pio o+ n 9
=L — = (Din ) (9)

where the variables'are defined as follows:

L, = concentration of organic matter in the reservoir before the
input of waste flow from upstream



29

D = dissolved oxygen deficit in the reservoir before the input
of waste flow from upstream

incoming concentration of organic matter
Din = incoming dissolved oxygen deficit

W = outflow + volume

Z = inflow % volume

k3 = deoxygenation rate constant for sludge deposits on bottom
of reservoir

A=Ky +kg+W

B=k2+w

One limitation of Equations (8) and (9) is that complete mixing in
the reservoir must be assumed, although this is often not the actual
case. Even with this built-in source of error, which would probably
cause predicted values of dissolved oxygen concentrations to be slightly
lower than those actually found, these equations have been found to be
particularly useful in simulating the dissolved oxygen profile of a
stream. Pyatt utilized these equations in simulating the DO profile in
an actual river basin containing impoundments, showing that the formulae
developed in his study do provide accurate results..

5.5 Application of Formulas
to Warrior River

When considering the stretch of the Warrior River with which this
phase of the Alabama ERTS project is concerned, it became apparent that
no single eqﬁation can be applied over the entire run of the river from
the confluence of the Locust and Mulberry forks to several miles below
Oliver Lock and Dam.

This area of the river, which includes all of the Holt and Oliver

pools and portions of the Bankhead and Warrior pools, is, in the
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strictest sense, impounded over its entire length, suggesting that
Equations (8) and (9), developed for use with impoundment;, shpuld be
used for this entire stretch of the river. This would certainly hold
true for the Bankhead and Holt pools, which, in addition to containing
the deep, slow-moving waters characteristic of impounded streams, are
also regulated entirely by the release of water from Bankhead and Holt
déms. However, in the case of Oliver Pool and the portion of the Warrior
Pool included in this study, the waters are shallower and faster-moving
than in Holt and Bankhead pools upstream. Another factor to be con-
sidered is that Oliver Dam is a free~flow dam with the water flowing
over the crest. As a result, these waters are subjected to much less
regulation than that found at Bankhead and;Holt dams, which are not of
the free-flow type.

For the reasons enumerated above, it was felt that Bankhead and
Holt pools are iﬁpoundments requiring the use of Equations (8) and (9)
for dissolved oxygen simulation. However, the.Oliver and Warrior pools,
though technically impoundments, more nearly approach the conditions of
a flowing stream, and warrant the use of Equations (5) and (7) which
were developed for free~flowing conditions.

It should be emphasized that this step is of paramount importance,
requiring careful consideration of the stream under investigation before
selecting the appropriate equations for use in simulating the dissolved
oxygen profile.

5.6 Reach Concept Applied
to the Model

Due to an absence of industries and other such inputs along the

ihpoundments modeled by Pyatt, each of the impounded areas was considered
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as one reach or segment having no subdivisions. This approach lacked
sufficient detail to model a complex basin such as the Warrior; however,
the modeling equations developed by Pyatt can be applied to the Warrior
River by subdividing each impoundment into smaller reaches that are
capable of describing additional inputs.

This concept essentially involves separating the entire length of
the river under consideration into a number of smaller reaches, such
that each reach contains only one input, if any, and also to insure that
the physical characteristics of the river remain the same throughout
each individual reach.

In order to follow the above guidelines, a new reach is begun when-
ever one of the following events or structures is encounﬁered;

(1) entrance of a major tributary

(2) the discharge of an industry or a domestic treatment facility

(3) an industrial withdrawal

(4) a dam or other flow-controlling structure.

The first three categories are necessary in order to reflect changes
in the quality of water downstream that result from the input of a major
tributary or an industrial discharge or withdrawal. The fourth category
is necessary due to the nonavailability of a technique for predicting the
dissolved oxygen and organic matter below a dam based on the values of
these same variables above the dam. A regression method was employed in
this study using observed values of organic matter and dissolved oxygen
both above and below the dams; however, the correlation coefficient was
too small to warrant placing much confidence in the calculated line of

best fit through the data. As a result, the alternative is that a new
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reach be created at each dam, with observed values of organic matter- and
dissolved oxygen input into the model below each dam.

This inability to simulate the effect of a dam requires that the
model developed herein re-start the simulation process at the upstream
end of each impoundment, leaving a gap in the simulated profile at each
of the dams along the river.

5.7 Necessary Input for
Each Type of Reach

The four criteria outlined in Section 5.6 for designating a new
rcach result in seven different types of reaches that might be encoun-
tered; with the following distinguishing characteristics:

(1 SD--Stream Discharging into the river in a polluted condition

(2) SDH--Stream Discharging into the river and containing High-
quality water

(3) R--Restriction to flow, such as a dam or other flow-control-

ling structure (this reach is normally given a length of
0.6 mile)

(4) N--No input (reach occurs immediately below a dam and is
designated as a new reach so that BOD and DO values may be

input at downstream end of type R reach)

(5) ' ID--Industry Discharging into the river (sewage treatment
facilities also placed in this category)

(6) IW--Industry Withdrawing water from the river
(7 IWC-~Industry Withdrawing water from the river Qery'Q}ose to
the discharge point (this reach given a length of zero yet ’
still designated as a new reach in order to remain separated
from the discharge)
Due to the differing characteristics of the input to each of the
reaches (withdrawal is considered as a negative input), each type of

reach will require that different data be input to the model in order

that the effect of that input might be properly evaluated. Table V
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consists of a summary of the data that would be needed to sufficiently

characterize the input for each of the seven types of reaches.

5.8 Division of Warrior
River into Reaches

Following the outline set forth in the previous sections for the
establishment of new reaches, the section of the Warrior River from river
mile 385.0 to river mile 335.0 was segmented into 25 different reaches
to be coﬁsidered in simulating the dissolved oxygen profile of the river.
Table VI contains a listing of these 25 reaches as well as upstream and
downstream boundaries and the major input for each reach.

The actual river mile locations for these reaches were obtained
from navigation charts of the Warrior River published by the Corps of
Engineers.20 It should be pointed out that the numbering convention used
Qith the simulation technique employed in this study involves numbering
reaches at the upstream end of the stretch under consideration and
proceeding downstréam.

Another convention adopted in this study is, where possible, to
subdivide the river such that the type R reaches begin 0.5 mile above
the dam and end 0.1 mile below the dam. The reasoﬂing here is that
those conditions which would set apart the waters around a dam from
waters in other sections of the river are: (1) 1large bottom deposits
in the forebay, extending perhaps as far as 0.5 mile above the dam, and
(2) swift tailrace currents, whose velocities might be maintained for
a distance of 0.1 mile below the dam.

' In some instances, however, the above policy cannot be kept. Such
is the case around Oliver Lock and Dam, where to extend the reach 0.5

mile above the dam would include the discharge from the Northport sewage
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TABLE VI

REACHES OF THE WARRIOR RIVER USED IN
SIMULATION OF DISSOLVED OXYGEN

Upstream Downstream
Reach R. M. R. M. Input
1A 385.00 382.00 Locust & Mulberry Forks
2A 382.00 367.50 Valley Creek
3A 367.50 366.00 Yellow Creek
LA 366.00 365.40 Bankhead Lock:& Dam
5A 365.40 361.50 None
6A 361.50 347.50 Davis Creek
7A 347.50 346.90 Holt Lock & Dam
8A 346.90 346.30 None
%A 346.30 345.70 Hurricane Creek
10A 345.70 345.70 Reichhold Chemical Co. Intake
10B 345.70 345.20 Reichhold Discharge
10C 345,20 344,40 A. B. C. Discharge
114 344,40 344 .40 Intake for Warrior Asphalt Co.
- & Empire Coke Co.
118 344,40 344,39 Warrior Asphalt Discharge
11C 344,39 343.70 Empire Coke Co. Discharge
124 343.70 343.50 North River
13A 343,50 343.00 Central Foundry Discharge
14A 343.00 342.50 Gulf States Intake
15A 342.50 341.60 Gulf States Discharge
16A 341.60 338.41 Tuscaloosa WTP Discharge
17A 338.41 338.39 Northport STP Discharge
18A 338.39 338.10 Oliver Lock and Dam
194 338.10 337.00 None
20A 337.00 336.70 Hunt 0il Co. Intake
21A . 336.70 335.00 Hunt 0il Discharge
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treatment plant, in which case the requirement specifying only one input
for each reach could not be met. To circumvent this problem, the treat-
ment plant effluent was included in a reach of length 0.02 mile and the
reach containing the dam was restructurgd so as to extend 0.3 mile above
the dam and 0.1 mile below the dam. This solution provided that each of

the two reaches would contain only one input.

5.9 Additional Equations Used

In developing a method for simulating the dissolved oxygen profile
of a stream, the most important equations are those which actually pre-
dict the concentration of organic matter and the dissolved oxygen
deficit. However, there are quite a number of other formulae utilized
in providing input values to the final equations. These supporting

equations are briefly described in the following sections.

5.9.1 Velocity Rate Constants

The three rate constants are comprised of the biodegradation coef-
ficients k; and k3 and the reaeration coefficient kp. Commonly, the
value of kl, the constant pertaining to deoxygenation of suspended
organic matter{ is obtained as the slope of a semilog plot of organic
matter remgining versus time. However, in quite a few instances during | -
this study, when any BOD measurements at all had been taken, they usually
consisted only of BODg and BODjg (Lz). In such cases the value of kj

(base 10) was found by utilizing Equation (10):
BOD(t) = La (1-10"K1%) (10)

which could be modified to the form of Equation (11).
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ky = - 2 log (1- E%EQEl) | (11)

In those cases where no BOD measurements had been taken by some of the
industries, the author was forced to rely on some typical k; values
given by Eckenfelder?l for certain types of industrial wastes.
According to Pyatt13 the value ot Kg;'ﬁhé.ﬂQOKﬁgenation rate con-—
stant for bottom deposits in reservoirs, can be safely assumed to equal
0.005.
Quite a few empirical formulas have been developed for calculating

ko, the reaeration coefficient. Most are of the general form:

ky = E%g; (12)
Where V is the mean velocity, d is the mean depth, and C, m, and n are
coefficients varying according to the use of each investigator.
The particular formula providing best results with a certain stream
varies according to the characteristics peculiar to that stream. Results
obtained in this study indicated that the equation developed by 0O'Connor

and Dobbins22

) 12.90,0°° 1)
2:-———————————-‘-—
4.5

provided the most accurate values for k; in the Warrior River.

5.9.2 Corrections for

Temperature

All of the above methods for calculating the velocity rate con-

stants result in values accurate only at a temperature of 20 ©C and,
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consequently, these values must be adjusted to the temperature of the

water:

ky (T)

ko (T)

k3(T)

r -20
= k,(20) 1.04{] T2 (14)
= 1,22 I o159 | 720 (15)
L
= k5(20) 1.04{} 1-20 : (16)

In addition, the value of the ultimate BOD (Ly) must be corrected

to the proper temperature:

La(T)

= 1,(20) [é.OZT + o.é] (17)

In each case, Equations (14) through (17) represent the commonly

used methods of correcting that particular parameter for temperature.

12

5.9.3 Dissolved Oxygen Saturation

In order to
of the river, it
dissolved oxygen
as Iin the inputs

Quite a few

of DO at various

determine the dissolved oxygen deficit in each reach
was necessary to know the saturation concentration of
for the water in the main stream of the river as well
of various tributaries and industrial wastes.
references contain tables showing the saturation values

temperatures; however, in a simulation technique, the

saturation values are needed in an equation form which is more easily

adaptable to conmputer programming. The particular empirical formula

employed in this

investigation for calculating the saturation concen-

tration of dissolved oxygen in water at a certain temperature was
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developed by TVA™™ and is shown below:

DOgp = 14.65 - 0.41 T + 0.008 T2 - 0.00008 T>.  (18)

5.9.4 Corrections for
Changes in Flow

As each new reach is encountered and the particular input for that
reach is added to the flow from the reach immediately upstream, it was
necessary to correct values of kl, dissolved oxygen deficit, and con-
centration of organic matter for the mixed flow. The dilution method
is employed in each case:

k1 Qup + k1 Qin

D = D Qup + D Qip . | (20)

Qup + Qin

- Ly Qup * La Qip
Qup + Qin

La (21)

where Qup is the flow leaving the reach immediately upstream and Qi

P

is the additional flow entering at the head of the particular reach

under consideration.



CHAPTER VI

COLLECTION OF DATA

6.1 General

As previously stated, the primary purpose of this investigation
was to locate the optimum monitoring sites for DCPs based upon critical
dissolved oxygen concentration levels. The most promising technique to
be employed for meeting this objective appeared to be a simulation of
the dissolved oxygen profile of the river. It became evident that the
period of the year which would present the lowest, and therefore most
critical; values for dissolved oxygen would be the summer months of June
through September, when the volume of flow is lowest and the temperature
of the water is highest. It also appeared logical that the simulation
technique and subsequent selection of DCP sites should be based upon the
critical monthly average values for dissolved oxygen rather than upon
critical daily values, since the monthly values are less subject to
variations with respect to location that would normally be encountered
with dailyAvalues. In addition, the data collected was obtained during
the months of the previous summer, in order to assure that the data
reflected any recent developments which might cause changes in the water
qu;Iity of the river.

The nature of a study of this type requires the acquisition of large

amounts of data for many parameters in order to characterize adequately

40
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the quality of the water in a river and in the major inputs. Many
sources of information were investigated in searching for the data

needed to develop the model. Information was obtained.from interviews.
with representatives of the various industries, STORET, the Environmental
Protection Agency's data acquisition system, and river surveys conducted

2% and Gulf States Paper Corporation.25

by Alabama Power Company
It was hoped that STORET, a computer-oriented system devised by EPA

for.storage and retrieval of water quality data,26 would be one of the

principal sources of information. However, as a result of studying a

27 on the use of STORET in water quality

report by Miller and Walters
management and gaining some experience with the mechanics of using the
system, it was concluded that the data available for the Warrior River
was not recent, and therefore of little value in providing input to the
model,

The remaining sections of this chapter are devoted to a general
discussion of the sources of information resorted to in the search for

each type of input data. A detailed listing of the data sources and all

data gathered for each reach of the river is presented in Appendix II.

6.2 Velocity Rate Constants

Values of kl’ the overall deoxygenation constant, are necessary for
each input of industrial waste or discharge from a polluted stream, as
well as k; values for the stream flow below each of the dams on the
river. The kl values immediately below the dams were obtained from BOD5
and BODpg values measured at these locations by Gulf States Paper Corpora-

25

tion during ‘their summer river surveys. In those cases where BODg and

BODyg values were obtained by some of the industries on the river, such
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as at Empire Coke Company,28 kl values were obtained through interviews
with representatives of the particular industry. When such values were
not known, typical ky values given by Allen and Bodenheimer29 for paper

mill waste and by Eckenfelder?l for other types of waste were assumed to

apply for the industries in question.
The reaeration rate constant for each reach was computed by the

O'Connor-Dobbins formula given in Section 5.9.1, while values for the

other constants--kj, r, and s--were all assumed to be 0.005.13

6.3 Dissolved Oxygen and BOD
in the River and its
Tributaries

The major portion of the data for the parameters was obtained from

the previously mentioned river quality surveys conducted during the

25

summer of 1972 by Gulf States Paper Corporation“~ and Alabama Power

Company.z4 Additional information was obtained from two publications by

30,31

the Geological Survey of Alabama pertaining to stream quality.

6.4 Industrial Withdrawals
and Discharges

The primary source of data on withdrawals from the river for use by

32

industries was an interview with Horn followed by a perusal of the dis-

charge permits on file with the Alabama Water Improvement Commission.
Data concerning the quantities and characteristics of the wastes

discharged by the various industries were largely gathered from personal

contacts with representatives of the industries-——Fuller,25 Davis,28

35

I/Joods,:""3 Witherspoon34 and Sandifer-“--while some additional data was

obtained from the AWIC files and from historical data tabulated by

McClure.36
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6.5 Flow Rates

Principal sources of data regarding average rates of flow in the

37 and by an impact study covering

24

Warrior River were provided by Bowers
the effect of the Holt Dam on the water quality of the river.
Information concerning rates of flow in the tributaries to the
Warrior River was found in the USGS publication of flow data in Alabama

for l97l38 and in two publications of a similar nature which were

31, 39

released by the Geological Survey of Alabama. Information on dis-

charge rates from the Tuscaloosa Water Treatment Plant were obtained

from records kept at the plant.40

6.6 Water Temperatures in the
River and its Tributaries

o

Data regarding temperatures of the water in the river were found to
be plentiful in the previously noted river quality surveys conducted by
Alabama Power Company24 and Gulf States Paper Corporation25 during the
summer of 1972. Similar data for the tributaries were found in Circular
36,30 a publication by the Geological Survey of Alabama regarding sur-

face water quality in Alabama.

6.7 Cross~Sectional Areas

The only recorded measurement of cross-sectional area of the
Warrior River was taken above Oliver Lock and Dam by the USGS.38 Judging
from values of width and depth given at this section, it appeared that a
trapezoidal cross-section could be assumed for the river with the top
width approximately twice the bottom width at that particular section.
Since no measurements of cross-sectional area were taken at other

locations and also as there was a lack of information indicating the
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general shape of cross-sectional areas, the trapezoidal shape was assumed
to apply over the entire stretch of the river considered in the study.

Based on this assumption, the area of each reach was calculated by the

following equations:

A= d/2(NWp + 1/2 Wp) (22)
which simplifies to:

A=3/4xdxWp (22a)

where A is the cross-sectional area, d is the mean depth, and Wg is the

width of the water surface.
Values of the width at the water surface at normal pool elevation

were scaled off navigation charts of the river published by the Corps of

Engineers.zo

Mean depth for each reach was taken as the difference between nor-
mal pool elevation in the particular reservoir containing that reach and

the elevation of the river bottom in the reach. Normal pool elevations

41

were taken from a pamphlet published by the Corps of Engineers on the

Black Warrior and Tombigbee rivers. Elevations of the river bottom for

each reach were taken from information provided by Bowers.37



CHAPTER VII

DISCUSSION OF RESULTS

7.1 Comparison of Simulated
and Observed DO Profiles

The results of applying the developed simulation technique to the
Warrior River are shown in Appendix I in a tabular form printed by the
computer program developed by the author for this model. In order to
facilitate evaluation of these results, the simulated dissolved oxygen
values in Tables VII through X of Appendix I were plotted in Figures 5
through.8 and compared with the profiles based on observed conditions in
the same stretch of the river. These measured values of dissolved oxy-
gen were taken from the river suf%eys conducted by Alabama Power Company24
and Gulf States Paﬁer Corporation.25

Based upon a visual comparison of the simulated and observed pro-
files, the results, which showed an error of less than 10 percent in
m&st places, indicated that the developed model doeg provide acceptable
accuracy in the prediction of dissolved oxygen content of the river.

Some factors contributing to the differences between observed and simu-
lated profiles were: (1) the highly variable nature of dissolved oxXy=~
gen content in a stream, (2) the assumption of complete mixing used by
Pyatt in developing his dissolved oxygen prediction equations for impound-
ments, and (3) the. errors inherent in the measured values, which are

monthly averages of observed values at one point in the cross-section

45
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rather.than representations of lateral or vertical profiles within the
cross-section.

The lack of observed data at each point was such that the results
of a rigorous statistical aﬁalysis would have been inconclusive. However,
in view of the fact that observed values varied from the means at each
point by as much as 10 percent and considering that in most cases the
simulated values fall within plus or minus 10 percent of the observed
values, £he results of the simulation certainly seem to be adequate.

In those cases where the profiles differed by more than 10 percent,
the discrepancy can be explained from a physical standpoint. In the'
Bankhead Pool the simulated profiles for each month exhibited the same
general downward trend (proceeding downstream) shown by the observed
profiles; however, the simulated values were somewhat lower than the
corresponding observed values. This slight discrepancy is considered to
be due to the complete mixing assumption employed in the DO prediction
equation by Pyatt, Equation (9), which was applied in the highly-strati-
fied Bankhead Pool. As a result, the simulated values represent more of
an average of the higher observed values near the surface and the lower
observed values at greater depths.

A sharp difference between simulated and observed profiles is
noted in the Holt Pool near river mile 362. The observed profiles show
an almost linear increase in DO between Bankhead Lock and Dam and Holt
Lock and Dam, while the simulated profiles exhibit a much sharper
increase in DO immediately below the Bankhead Lock and Dam. This is
followed by a more moderate increase in DO from river mile 362 to the
Holt Lock and Dam. The difference between the two profiles is probably

due to the manner in which the profiles were drawn, that is, by
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connecting both the measured and calculated DO values on these profiles
by straight line segments in which the dissolved oxygen values between
separated points is not elucidated. The higher simulated dissolved
oxygen value near river mile 362 is whatwone would intuitively expect
as a result of the oxygen-depleted waters released from Bankhead Dam
undergoing a much more rapid dissolved oxygén recovery than that shown
in the observed profile due to the large‘oxygen deficit at this point
and the corresponding high rate of reaeration.

In Oliver Pool the two profiles match quite well, with the simu-
lated values slightly higher in most places. The above situation may
be attributed to the use of the Streeter-Phelps equation for free-flow-
ing conditions, Equation (7), which would be expected to yield moder-
ately higher values of DO in a semi-impounded reservoir such as Oliver
Pool.

Excellent results were obtained in that portion of the Warrior Pool
studied, where the simulated and observed values agreed quite well,

In general, the model seems to work quite satisfactorily in pre-
dicting the dissolved oxygen profile of the Warrior River and it is
anticipated that both this modeling technique and the supplementary com-
puter program also developed in this study could be successfully applied
to any river basin.

7.2 Selection of Locations

Providing Bgfimum Water
Quality Data

Since the primary purpose of the analysis performed in this study
was to select those points which would provide the optimum water quality

data with particular regard to the dissolved oxygen content, the simulated
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and observed DO profiles were utilized in accomplishing this objective.
The selection of the following points for placement of the anticipated
five DCPs was considered most advantageous from the standpoint of pro-
viding useful information:

(1) R. M. 385.0 (below the confluence of Locust and Mulberry
Forks)--this point would provide data that could be used to
evaluate the quality of water entering the section of the
Warrior River considered in this investigation. Placement
of a DCP here would provide for collection of data that is
necessary as the initial input for the system into the
developed model.

(2) R. M. 365.0 (one-half mile below Bankhead Dam)--monitoring
at this location would give an indication of tge quality of
water entering the Holt Pool as well as monitoring the point
of lowest dissolved oxygen content in that reservoir.

(3) R. M. 346.5 (one-half mile below Holt Dam)--Since Oliver Pool
contains almost all the inputs from industries in the stretch
of the river studied, a knowledge of the quality of the water
entering this area would be of vital imﬁortance to effective
management and control of this highly used water resource.
Based on this reasoning, the placement of a DCP at this par-
ticular location would permit evaluation of the water quality
before reaching the highly industrialized sector of the river
further downstream in the Oliver Pool.

4) R. M. 338.2 (forebay of Oliver Dam)--A DCP placed at this

location would serve a two-fold purpose. First, it would
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provide for monitoring of the point of lowest DO concentra-
tion in the Oliver Pool. Second, due to the general downward
trend of the DO profile from Holt Dam to Oliver Dam, it would
provide assurance that an improvement in water quality at
this point would be indicative of improved quality in the
entire reservoir.

(5) R. M. 335.0 (approximately three miles below Oliver Dam)--

| Monitoring performed at this location would provide data to
be used for evaluation of the quality of water leaving the
investigated area as well as for comparison with data col-
lected at the entry point to the system for which the model
was developed.

A map of the entire length of the river studied showing the selec-
fed DCP location sites is shown in Figure 9. Detailed maps of the river
showing the segments used in modéiing, the tributaries to the river,
the locations of all significant waste discharges and the DCP locations
-are presented in Appendix III.

In addition to the reasons discussed above, these particular loca-
tions were selected to provide the initial input values of dissclved
oxygen for each reservoir required in the developed mathematical model.
Thus, values of dissolved oxygen (and other parameters) obtained from a
relatively few critical locations may be utilized in the developed model
to simulate and predict water quality over the entire reach of the river
selected. As an example, values of dissolved oxygen measured by the
DCP located just below Holt Lock and Dam (R. M. 346.5) may be used to
predict DO values in the Oliver Pool as a function of the quantities

and characteristics of the wastes discharged into this segment of the
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river. Alternately, the required DO level at this location may be
obtained which will produce a desired water cuality in the pool under
varying loading conditions of discharged wastes. In this latter case,
the information provided would assist in determining the amounts and
characteristics of water to be released through the dam for a given set
of waste inputs cuch that the desired water quaiiv, will be maintained.
Additionally, the measured DO value and the resulting simulation model
may be eﬁployed to predict the optimum point in time for disch.rge of
impounded wastes by the industries in order that the water in the pool
will not be degraded below the desired levels. Similar examples may be
given for the simulation and manageﬁent of water conditions in the Holt
and Bankhead pools based upon the DO measurements at the DCP locations.
Extension of the modeling technique over the entire reach of the river
ﬁay be performed since water quality data in an upstream segment serves
as input conditions to the successive downstream segments,

Although the ﬁodel developed in this study was based primarily on
dissolved oxygen, for the reasons previously given, it is in a form
easily adaptable to simulating concentrations of dissolved constituents
such as chlorides, sulfates, phosphates, and metals which might be pre-
sent as a result of drainage from mining operations and runoff from
agricultural activities. The net effect of many of these materials on
the pH, conductivity, and temperature of the receiving water will be
menitored by the DCPs and simulaticn of these effects may be obtained
by use of portions of the developed model other than those applying to
the DO prediction equations. For a detailed study of these types of

constitutents, the DCPs may be moved to appropriate monitoring locations.
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Although not investigated in this study, the use of DCP data in
conjunction with ERTS imagery may be employed in a basin-wide study
of the land use-water quality interaction. As indicated previously,
the DCP will detect at its location the residual effect of upstream
surface runoff and drainage from land-use activities.

In summary, the DCPs are intended tc, nroviJz innut cdata to the model
developed for the river, enabling the model to be used as a valuable tool
in formulating and implementing plans for the management of wa.2:r resources

and general environmental quality in a river basin.



CHAPTER VIII

CONCLUSIONS AND RECOMMENDATIONS

8.1 Conclusions

The sites for placement of DCP monitors in the length o. the
Warrior River from the confluence of the Locust and Mulberry Fora. to
downstream of the Oliver Lock and Dam have been selected and proposed
as desirable locations for the assessment of water quality. Dissolved
oxygen was selected as the parameter of primary importance and the
selection of the DCP sites was based on observed and predicted loca-
tions of critical dissolved oxygen concentrations,

To implement the selection process, a mathematical modeling tech-
nigque and supplementary computer program were developed for simulating
dissolved oxygen profiles. The modeling technique, based on modifica-
tions of the original Streeter-Phelps Equation by Pyatt, was shown to
predict values of dissolved oxygen concentration in the Warriér River
which either agreed quite well with the observed values or could be

explained on the basis of actual river conditions. Based primarily on

dissolved oxygen criteria, the following five locations were recommended

for placement of the five DCPs designated for use in the Alabama ERTS

project.

(1) R. M. 385.0--below the confluence of Locust and Mulberry Forks

(2) R. M. 365.0--one-half mile below Bankhead Lock and Dam
(3) R. M. 346.5~-one-~half mile below Holt Lock and Dam

(4) R. M. 338.2--forebay of Oliver Lcck and Dam
57
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(5) R. M. 335.0--approximately three miles below Oliver Lock and
Dam,

In addition to monitoring dissolved oxygen, it is anticipated that
the DCPs will scrve to monitor the other parameters of pH, conductivity,
and temperature to provide information concerning basin-wide land use
activities. The portability feature of the DCP will allow selection of
other monitoring points for more detailed information concerning specific
parameters and their relationship to a variety of activities.

The selection of the specific monitoring sites in this study was
designed to provide a basin-wide management capability in which the data
obtained at a relatively few locations could be employed to simulate and
predict water quality over an extensive river basin area. The selection
methods proposed in this study were also developed for general applicability
in the sélection of desirable DCP or conventional monitoring sites in any

water basin.

8.2. Recommendations

During the course of this investigation several possibilities for
further study, primarily concerned with operation of the DCPs after
installation, have become evident:

(1) Provide for the collection of supplementary dissolved oxygen
data at locations where differences were obtained between simulated and
observed values, permitting modification of the model to obtain better
agreement with actual observed conditions.

(2) During the periods between overflights of the ERTS satellite,
2llow the DC? to operate as a conventional automated monitor, transmitting

data to a ground receiving station.
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(3) Include an addition to the DCP apparatus which would allow
monitoring at different depths of the river, in order to evaluate the
extent and effects of stratification in the reservoirs.

(4) Since the DCPs are portable, consider possible relocation of
one or more of them in order to either expand or reduce the area of
coverage, such as monitofing the go livy of water in =z clc: : stream
(Mulberry Fork) in order to obtain base-line data ox non—polluted con-
ditions.

{5) Modify the DCP system for use as a network of conventional

monitors after the ERTS satellite is removed from orbit.
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Al.1l General
The actual computer programming utilized in the implementation of
the simulation technique developed during this study was performed in

the PL/1 programming language.42

The IBM 360/50 computer installation
at The University of Alabama was employed in running the program.

The following sections contain information directly related to the
program that would be useful to those interested in the programming

method and, in addition, examples are given of output for the Warrior

River during the summer of 1972.

Al.2 Flow Diagram

Shown in Figure 10 is a diagram indicating the general path of logic
followed by the model in simulating the dissolved oxygen profile in a

stream. It is intended to show the general nature of the process rather

than to show the specific calculations made by'the program.

Al.3 Program Qutput

The output from the program is printed in a tabular form, with a
separate table being used for the compilation of data predicted for each
month. Examples of output containing simulated data for the area of the
Warrior Basin during the months of June, 1972, through September, 1972,

are shown in Tables VII through X.

Al.4 Definition of Variables

Summarized below are definitions for the variables used as input

data to the program:
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START

READ

MO, RZACHES, N RESERVOIRS
N2, MONTHS Ka oo, X, Y

READ
(FOR EACH RESERVOIR)
Lo, Do, TYPE £QUATION USED

INITIALIZE
AR =03 Ko UP=0
DEF_UP=0; BOD_UP =0
|

|

[PRINT HEADING
FOR MONTH (M)

| NUMBER OF REACH =0 |
!

4
ADD 2 W= 4

N> MO REMAES

READ
TYPE OF REACH, MONTH
REACH NO.
TYPE = S0 MO
READ

BOUNDARIES OF REACH
INF\_O\'\J, TEMP OF RIWVER
WIDTH, BEFTH, BODSs, 00

Kize), TEMP OF TNPUT

N

(&7 HEAD OF REACH
VEL. CCSTANYS Lo, LEFICHT]

CALCULATE

Y

(AT LOER EMD OF REACY)
CIFICVT € CRGAMCS LEFT

CALCULATE

\’/

o]

PRINT
TAGLE OF RESULTS

Y

ASSIGM NEW VALUES @

QP Ky U2, BOI_UR,
AP

A

h)

[co To Ao |

VWIDTY, BEPTH, ED0 0NN,

READ
BOUNDARIES OF REACW
INFLOW TEMP OF RIWVER
WIDTH , DEPTH, BODs, DO
TEMP OF TNAUT

J

(CONT\N UE AS T 'SD' )

o)
= = ‘,
READ
ROU.. “1ES OF REACM
RELE,,. 1, TEMP Gy RWER

Co.ONNY, Koy U9

hv s

a7 LevlER
(o

CALCULITE € anes
LEFT U706 fonLoniy

\_\!D cF XIEI‘.C\*\\
TEAT 2 Do B 5

Y

TADLE OF QRESULTYS

PRINT

[R5

J

ASTAGN NEW NHLUES:
Q_UP, Ry UP, TODUP

tiELLe

I

A4

[0 o Anp]

t 1
TYPE =N

READ

:._EEPTH’ K.‘EC}?U?

4

BOUNDARIES OF [EACH
TEMP OF RWER, W1DTH

(CONTVINUE AS 1n 'sD )

s

READ
BOUNDARIES OF REACH
WHTYRDRAWAL, TEMP oF
RIVER WIDTHW, DEPTH

(conTinue ;o dey )

READ
COUNDARIES OF REM WY

WARTH, B0, T, T,
Ry v, TEMP OF LIWTUT

DASCRANGE, TEAC €7 QVER

l

Y

(comTinuz v3n s )
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READ
CoU L2ES OF SINCW
SITRT NN

v
DEFEDLL e DERLUD
NO ZUNABE TN AT
OF CRGANICS \BTT

Y

aur
TAGLE UFE RESULTS

. J/

ASSIC HEW VALUGS 3 |
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o LSF._LP
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NI

sToP
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REAZH  TYPE
MOO !
14 SD
20 SO
34 SOR
&4 R
54 M
SA SOH
TA R
BA W
9A SD
104 Tve
103 D
102 19
114 142
1iB In
110 I
124 SOH
134 10
144 I
15A 10
164 SOH
174 10
184 R
194 N
204 1«
214 10

yesraiav
Ro Mo

385,00
372,00
36753
366,00
365:490
36150
347.50
346.90
346.30
345,70
345.70
345,20
344,40
344,60
344,39
343,70
343,50
343,00
342.50
241,60
338,41
338.39
338.10
337.00
336,70

RESULTS OF SIMULATION OF WARRIOR RIVER (JUNE, 1972)

DTHNSTREAN
Re Mo

382.C0
367.50
3566.00
365040
361,50
347.50
346,90
346,30
345,70
345,70
345,20
36440
344,460
344,39
343,70
343,50
343,00
3462.50C
341,60
338,41
338,39
338.10
337.00
336,70
235.00

FLOU
(CFS)

1895.0
1960,0
1970.0
1970.0
1870.0
198%.0
1985.0
1880.0
1905.0
1904.3
1904.9
1905.2
1903.4%
1903, 7
1904.7
197407
180,11
1952.2
1970.7
19713
19717
197L.7
2150.0
2149.3
2150.0

Ro tie

RELEASE
(CFS)

1670.0

15680.0

2150.0

TABLE VII

385.0 TO R. le. 335.0
JUNE, 1972
CSA TRAVEL
{SQ. FTo) Y IME
(DAYVS)
46153 %58
68294 44,30
78468 6.586
32556 1.83
27787 3.40
56265 28.51.
86062 1.83
12294 0.2%
8587 0.16
7761 0.12
7761 0.20
7191 0.00
7191 0,16
7462 0.0%
7711 0.12
9072 0.14%
7462 0.21
154463 1.62
17589 0.01
28912 0.29
9562 0.30
7719 0.06
6693 0.32

Kl
(BASE E)

0.1¢0
0.166
0.202
0,203
0.176
0,170
0.31¢
0.193
0,192

0.198
0,190

0.195
0.195
0,187
0.186
0.186
0.191
0.190
0,187
0.125
0.062
0,062
0.062

Ke
[BASE E)

0.0%%
0.006
0.004
0o 00‘:'
0.0%6
0.010
0,004
0.178
0,137

0.180
00 180

0.180
0.1860
0.188
0,190
0.180
0,189
0,053
0,030
0.020
0122
0.132
0,142

ce
UFPER END
(PP}
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TABLE VIII
RESULTS OF SIMULATION OF WARRIOR RIVER (JULY, 1972)

R. Y. 385.0 TO Ro Mo 335.C

JULY, 190
RELGH  TYPE JPSTREAY DIUNSTRELY FLOU RELEASE Csa TRAVEL K1 K2 080 co
NOe Ro Mo o Mo (CFS) (CFS) (SQo Fiad TINE (BASE E) (OASE E} UrpLn GO LOUIR [
(DAVS) (PP (teei
14 S0 385.00 382.00 2150:0 46153 6050 0-1¢8 0.08& Go7 5.C
24 SD 382,900 367,50 2250.,C 68294 29,53 0.20C 0000 5.0 Lo
3A SOH 36750 366,00 22600 7846¢€ £.58 0.197 0.00% LoV Sof
44 R 366.00 365040 2260.0 2260.0 92556 1,83 0.104% 0-.00% Sl 3
SA K 365,40 36L.50 2260,0 277e7 2.7 0c1C7 0.0%7 34 6%
54 SOH 361.50 347,50 2285.0 56265 2r.3¢8- 0.163 0.012 4aS So7
TA R 347,50 346090 2285.0 2270.0 86062 163 0,307 0004 5.7 Lol
SA N 346,90 346030 2270.0 12294% 0,20 0.202 0150 %o3 Gol
9A SD 346,30 345. 70 2305.0 8587 0.14% 0.201%1 0153 %ol Qo2
L04& 1c 345,70 345,70 2304.3 Ge2 402
135 10 345,70 345,20 2304.9 7761 0:.10 0:205 0.200 o2 4.0
12C 13 345,20 344,40 230%.2 7761 9.16 0,204 0.200 %o 0 3.7
114 1dC 344,40 344040 2303.4 : 3.7 3.7
118 10 344,40 344,39 2303.7 7191 0,00 D.202 0.203 3.7 3.7
11c 1D 344,39 34370 23049 7191 0.13 0,202 0.203 3.7 3.9
124 SOH 343.70 363,50 2614.9 1462 0.03 0.199 00213 3.9 Lo}
134 10 343,50 363,00 2420.3 7711 J.09 0,197 0.218 40l Lol
144 14 343,00 342.50 2392.4 9072 D.11 0.197 0.208 Go2 402
154 17 342.50 341,60 2410.9 7462 0.17 0.19¢4 0.211 402 6ol
164 SOH 341,60 338,41 24611.3 154463 1.29 0.193 0.061 %ol 3.1
174 o 338.41 338,39 2412.0 17589 0.00 00202 0.033 3.1 3.1
184 R 338.39 338,10 2612.0 2630.0 28912 0,22 0,135 0,022 3.1 5.7
194 N 338,10 337.00 2630.0 9562 .24 0,067 00139 . 5.7 5.7
204 Id 337.00 336.7C 2629.3 7779 0.05 0.067 0,152 5.7 So7
214 10 336,70 335,00 2630.0 6693 0.26 0.067 0-.162 5.7 5.7

S9



TABLE IX
RESULTS OF SIMULALION OF WARRIOR RIVER (AUGUST, 1972)

Ro Mo 385.0 TO R. M, 335.0

AUGUSY, 1972

QEACN  TYPE UPSTREAY  DONNSTREAN FLOU RELEASE csa TRAVEL Kl K2 DO DO
NO. Ro Mo o MHa (CFS) (CFS) {SQ. FT.1i TIHE (DASE E} (BASE E) UPPER END LOLCEN END
{DAYS} (PP} (PP
1A SO 385.00 382.00 1615.0 46153 6.11 0.218 0.012 6.6 62
2a SO 382,00 367.50 1715.0 68294 %4.30 0.2189 0,007 6.2 601
3A SDK 367.50 366.00 1730.0 78468 4%4.58 0.206 0.00% 601 6.6
4A R 356.00 365.40 1730.0 1730.0 92556 3.66 0.20¢9 0.002 6.6 5ol
SA N 365. 40 361,50 1730.0 . 27787 3,97 0.183 0.044% 501 5.6
5A SIOH 361.50 347050 1740.0 " 56265 28.51 0.188 0.010 506 5.9
TA ] 347,52 366,90 1740.0 1730.0 86062 1.83 0.328 0,004 509 3.9
8A N 346.90 346.30 1730.0 12294 0.26 0.207 0.177 3.9 3.6
9A SO 346.30 345,70 1755.0 8587 0.18 0.206 0.132 3.6 3.6
104 cC 345,70 345,70 1754.3 3.6 3.6
108 10 345.70 365,20 1754.9 7761 0.13 0.210 0.176 3.6 3.5
102 13 345.20 344 .40 1755.2 7761 0.22 0.208 0.176 3.5 3.3
114 14C 344,40 344.40 17534 3.3 3.3
118 10 344040 344,39 1753.7 7191 0.00 0.207 0176 3.3 3.3
118 1D 344.39 343,70 1756.9 7191 0.17 0.207 0.176 3.3 3.2
124 SODH 343.70 343.50 1864.9 7462 0.05 0.194 0.184% 3.2 3.6
134 1 343,50 343,00 1870.3 7711 0.12 0,193 0189 3.6 3.8
144 Id 343,00 342.50 1842.4 9072 0.15 0.193 0.182 3.8 3.7
154 1D 342.50 341,60 1860.9 T462 0.22 0.194% 0.184 3.7 3.6
164 SOH 341.60 338.41 1861.4 15443 lo62 0.193 0.054% 3.6 204
174 iD 338.41 338,39 1861.9 17589 0,01 0.193 0.028 2.4 2.6
184 ? 338.39 338,10 1861.9 2000.0 28912 0.29 0.131 0.020 2.4 5.4
194 N 338,10 337,00 2000.0 3562 0.33 0.065 0-.118 5.4 So 4
204 Id 337.00 336,70 1999.3 77719 0.07 0.065 0.130 5.4 5.4
214 2 336.70 335,00 2000.0 6693 0035 0,065 0.137 5.4 5.9

99



TABLE X
RESULTS OF SIMULATION OF VARRIOR RIVER (SEVTEMBER, 1972)

R. He 385.0 TO R. Mo 335.0

SEPTEMBER, 1972

IEACH TYPE  UPSTREAN DOWNSTRFAN  FLOU RELELSE CSA TRAVEL K1 K2 Do %]
N0 Ro Mo R, Mo (CFS) (CFS) (SQo FTo} TIhE (GASC E)  (BASE E!  UFFZR EIU LOUER CLD
: {DAVS) (PPl (PFiil
14 Sn 385,00 382.00  1S75.0 46153 4,58 0,15% 0.01% 5.9 5.2
2A ) 382,00 167.50  2100.0 68294 29,53 0.203 0,006 5.2 5,0
34 SDH 367.50 366.00 21100 78468 %058 0.206 0.00% 5.0 5.7
aA R 366.00 365.40 2110.0 21100 92556 1.83 0,207 0.00% 5,7 3.0
54 N 365,40 361,50 21100 27787 3,40 0.180 0,046 3.0 bt
54 SOk 361,50 367,50 2125.0 56265 28,51 0.183 0,010 4ot 5,0
74 R 247,50 346.90 2125.0 20450.0 ¢ 86062 1.83 00314 0.00% 5.0 bob
8A N 346090 366.30 20400 12294 0,22 0,207 0,150 4ot 4,2
9A ) 346,30 345,70  2055.0 8587 0.15 0.206 0143 4,2 402
104 1::C 345,70 365,70 205403 4,2 4,2
123 19 345,70 365,20 205409 1761 0.11 0.204 0.190 4.2 4ol
102 D) 345,20 364,40 205502 7761 0,18 07,3 0.190 401 4,0
114 1dcC 344,40 344,40 20534 4.0 4.0
118 10 344 .40 344,39 20537 7191 0.00 0,201 0.190 %.0 4.0
11z 19 346,39 343,70 205408 7191 0.15 0.201 0,190 440 4.0
124 SOH 343,70 343,57 2194.8 7462 0,04 0,187 0,200 440 bot
134 5! 343.50 343,00 2200.2 1711 0.10 0.186 0.202 Got 4.5
144 1d 343,00 342,50 2172.3 9072 0.13 0.186 0.192 &o5 Lol
154 10 342.50 341,60 2190.8 7462 0.18 0,187 0.200 4.6 boh
164 SO 341,69 338,41  2191.4 15443 1,39 0.186 0.058 4ob 3.2
174 1D 338.41 338.39  2192.1 17589 0.01 0.186 0.030 3.2 3.2
184 ] 338.39 338,10  2192.1 2320.0 28912 0025 0.128 0,022 3.2 607
194 N 338,10 337.00  2320.0 9562 0,28 0.065 0.130 6.7 6.6
204 1d 337,00 336.70  2319.3 7779 0,056 0.065 0,140 6.6 606
21A " 336,70 335,00 2320.0 6693 0.30 0.065 0,150 6.6 6.5

- L9



TOT REACHES

NOR

NOM

K320 E

X
Y

LAI(S)
DEFI (S)

FORM(S)

TYPE

REACH
MONTH
UPSTM
DWNSTM
DISCH
DIS I
WTHDR
REL
RIVTEMP
INTEMP
WIDTH

DEPTH

68

total number of reaches into which the river is
divided.

number of recervoirs on the stretch of the river
peing modeled.

number of months for which simulation is to be
performed.

deoxygenation constant due to bottom deposits at
20 oC. (base e), days‘l.

deoxygenation error term, days'l.

reaeration error term, days“l.

concentration of organic matter in reservoir S
before waste inputs from upstream are added, mg/l.

concentration of dissolved oxygen in reservoir §
before waste inputs from upstream are added, mg/l.

type of equations used for predicting DO in reser-
voir §, Streeter-Phelps or modification by Pyatt

for reservoirs.

category of input for the reach in question--SD,
SDH, R, N, ID, IW, IWC.

number of the reach.

month for which the data was taken.

upstream boundary of the reach, river miles.
downstream boundary of the reach, river miles.
discharge of a tributary, cfs.

discharge of an industry, mgd.

amount of withdrawal by an industry, mgd.
amount of flow released from a dam, cfs.
temperature of the river water, °C.
temperature of water in the input to a reach,
surrace width of the river, ft.

mean depth of the river in a reach, ft.
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30D5 .BOD5 of the input waste at 20 °c., mg/l.

BOD_DWN BOD5 of the river water (20 °C.) immediately
below a dam, mg/l.

DO dissolved oxygen concentration in the input to
a reach, mg/l.

DO_DWN dissolved oxygen concentration of the river water
immediately below a dam, mg/l.

K120_10 deoxygenation constant at 20 °C. for the river

water or input to a reach (base 10), days ~—.

Al.5 Listing of the Program
Statements

On the following pages the actual PL/1 statements of the program are
shown. It is hoped that any potential user employing the information
provided in the preceding sections of Appendix I, in addition to these
program statements, could either utilize the program intact or easily

aaapt the programming to fit his particular needs.
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STARY: PROC OPTINNS{MAIN S

/% e 4T v g e e ol R R R s ol e R R R N A e N e e e s e e e e e S e R e R e e e e G e Gk e f

/7 e s e s e % e e e e e sl ol 3 R e e W i sl e ol e e e e e sl e e e s e ki e Se e e e el Qe e e G p G L pale ke

/%% THIS PRIGRAM SINULAYES DISSOLVED OXVGEN IN A RIVER ENVIRCNIENT ®%u/

/% etk e SR e e sk e e e e G 80 e e e e s e e e 0 e 3 e ke e e sl ale i e e e e ke e e e e e e e e e e e A e e e e Qe Re e e ek ek 2

A e e 2 S LA 3 2 R P 2 2B R T2 2 VT oo E R viviedo v op - R et e 2 2

DCL ZILCH CHAR{LIS

NCL {EXPLEXP2) FIXED DECIMAL({S:3):

DL FORNM{&, CRARIL VARYINGS

DCL CNT FIXFD DECIMALI{ZSS

DCL CaPACZITY{16) FIXED DECINMALIS,0}s

DCL (NQ_IN{L16},_NUTIL16)) FIXED DECIMAL{G,1)3

DCL (X, VewCHK)Y FIXED DECIMALIS,3)

DCL (TYPEFACH) CHAR{3}) VARVING;

DCL (MOI&3,MINTHY CHARYI9! VARYING;

DC. OAYE{(%, CTHAR(1IS) VARYING:

NCL (VOY_REACKHES:NOM NCR,HsN,SeT} FINED DECIMALI2)

NCL (SLOPELINTERCEPY) FINED CECIMAL{G 403

NCL (CsD0EoFoGeH,y 1oJdoKol :0,P Q) FIXED DECIMALI(T 4D

CL (BO0_UP,BODS, L _iNgLA L _BDUNLA_INIT,80D5_INITV ,BOD_DINy,LA20,
LAI(4) ) FIXED DECIMAL{GL) S

NC. (RIVTEMP,INTENP,D0,D0_UP,DC_NUN,DGSATR,D0SATH CEF_UP o DEF_DHN,
NEF_IN,DEFDEF_INIT DO _INITVoDZFI{4)) FIXED DECIMAL{G 1)

L (K120 _UP, 120 _10,KL20_FEoK220_L10,K220 _E K120 _MIX K1, K2,K3,
K320 _ZololohAoBS FINED DECIMALIS,3)Y S

NCL {Q_UPSDISCHKNINDTH DEPTHFLOU,REL) FIXED DECIMALIG,1)3

DCL (UPSTM,DUNSTMyDIS_T,WTHDRY FIXED DECIMALI(6,2) 3

NCL (LENGYH,CSA. FIXED DECIMAL{G)

DCL VvEL FIXED DECIMAL{S4,2)3

DCL YTIME FIXED DECTIMAL{S.2);

NCY VOLUVE FIXED DECIMAL(1OY}:

WY =YJUNE? 3

MO 2)="JULY?s

MI(3)=74JGUST s

MO{ 4 =SEPTEMEER 3§

GEY IHITI{TOV_RELIHESyNORy NOMoK320_EoXoVoZ ILCHY) (COL{L1),F{2),C0L{21),
FU2)COLE3L, oFi2)eCRLI{GL vvF(SVBB7C0L€51)9F459399C0L«6lb FdSq3bq
X{1l&yennl i)

20 S = 1 70O NOR3

GEY FOIT{LATL{SI DEFT{S)FORM{S)ZILCH) (COL{L)oF{(S,1)sCOLLL0)oFlGy1l)ds
CALIZ20),A(3)oXISTI ALY )

FND 3

Vi=ls

RESET: Q_UP = 0,03

L120_ULUP=0,03

NEF _UP=0,03

RID_UP=0,03

SPUT PAGES

3T SKIP{13) ED

PIT SKIPI2) EDI

L)
1

ITIPSJAMARY FOR WARRIOR RIVER®) {COL{(48),A)3

Ti%Re Mo 385.0 TO Ro M, 335.09) {COL(&T)oA);

NATE(I=MCEM) 1 9, 197293

PUY SKIP{2) EDIVIDATE(M}) (COL{S543.A)3

PUT SXIPL{3Z) EDIT{SREACHS Y TYPE®, "UPSTREAM? ; *DOUNSTREAM? o9 FLOMY,
TRELEASE  p SCSAO g PTRAVEL "9 9K1 0o tK29,°D0%,°00°) {(COL{L1})oA,COL{8) A,
COLELS) s A, C0L{2505A,ChLI{38)9A,COLI46),A,COLI59)A,COL{68B),A,



g

CALLBO A COLI9L} oA, COLIL02),ACOLLLLIA) gAY

PUT SKIP EDITINDG 3R Mo 3 Ro Moty V{CFS)I v (CFS) 9 (SQs FTLI% o VTIME®,
Y(BASE E;°®,"{BASE E) %, *UPPER END®, *LOWER END®) {CCLI2),A,COLILT) A,
COLL28) A C0LI38) oA COLI&TI A, COLIS6),A,COLIBI) ACOLITTI Ay
CALCOA YA, 20LL990 0 AyCOLITILL I 0A) S

PUT SKIP EDIT{IDAYS) "o “{PPM,P,9(PPM)"} (COL(68),A,COL{LOL) Ay
CIL(LL3),A)

PUT SKIP(2) EDIT(® ®) (COLI2),A)3

N = 03

T = 03

ADD: N=N=+13

If N = 1 THEN NG5

GO 79 ITHECK

: IR N D> TGT LREACH ES THEN DO

NJM THEN G TO LA

G T NEXTS

s N=Mii

GN 70 RESET;: ENDs

ELSE DD3 .

READ: GET EDIT(VVYPE,REACK,MONTH) (COL(L),A{3),COL(6}+A{3),COL{LL),

A9 )Y END S

/%A e sl X s e e ol s R B 3 3N AT N8 R0 08 Koo K ie e o ok e i e ok e e e e e e e e R R OR G Sa s AR g e e e Qe 2t

/*&*#***#«***#*$$$$$$$*¢*$**#****#***k**ﬁ****&*******&*&*q*’*(%bfv&ﬁ**/

Jos ok e s eree sk POLLUTED STREAM DISCHARGING INTO RIVER @dmwusosidwiuity

7% e e 2 e e 4 0 K A B R maﬁ»44;»4;;vaa*vpaa***t***w¢¢4»¥,*¢**’*vvﬁ¢¢¢*¢»vuaa Y

/% s & S f e ol e o s A s 5 ol v N e e e BT e ek e e s o e e i N e e e e ARk e A o e R e S e K g e s e ek f

{F TVPE=°SDY THEN DO.

STREAMSGFT EDITV{JPSTH DUNSTMDISCHRIVYIEMPHIDTH,DEPTRI(COLIZ25) F{6,2),
COLU3S, 3F (6421 ,COLISES Y (Fi6o1) oCOLIST)oF{4o1)oCOLIBS)oF(BoLDy
COLITS I, Fibsll)s

GET EDIT{RINGS ;DD HL20_LO,INTEMP,ZILCHY {(COL{25),F{6,1)COLI{3TIoFI&o L)y
COLL &6 sF{5:3),COL{ST) oF{4ol) o X(19)A{1))5

I+ N=1 THEN DO_UP=D0:3

ELSE DI_UP=DNSATR - DEF_UPS

DTS4V 14065 = Co&LLlUINTEMP ¢ 0.008¥INTEMP%%2 - 0.00008%INTENPXxG3];

-ENGTH {JPSTM - BUNSTH] * 5280.0;

CSA = D.75 % WIGTR = DEPTHS

VILUME = TSB8 % LZNGTH:

FLOW = Q_UP + DISCH3

VEL = FLIW/ZSAS

TIME = {LENGYH/VELY / 36400.0;

L1202 _E = K120_10 = 2.3N3;

K120 _MIX = ((K120_UP=Q_UP) + (KI20_E=*DISCH)}) / FLOW;

K220_10 = (12.90 % VEL®%Q0.5) / (DIPTH%=L1,5);

TN o

LM Mo D -
"o 3
iwn

- M s

no#g

K223_€ = K220_10 % 2.3033

<1 = KI20_MIX % 1.047%%(RIVTENP-20,.0)3

K2 = K220_F % 1,0159%%{RIVTENP-20.0);

K3 = K320_F % 1.,047%{(RIVVEMP-20.0}3

LA_IN = 3005 / (La0-1.D0/02.T71%%{5%K120_E)})3
La20 = ((RAND_UP « Q_UPY + {LA_IN % DISCH})/FLOW;S
La = LA20 * {0.02 %= RIVTENP + 0.601}3
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DOSATU - DO3
14,05 = 0.&41%RIVYEN? ¢ D.008%*RIVTENMNP#%2 - 0.00008%RIVTENPC®3]
DOSATR-DO_LP: = O UP) ¢ (DEF_IN % DISCHI) /7 FLOW3
= RESTY THEN DO3
(£6400.0/VOLURE S
Z = DOISCr % {u5400.0/VOLUME) S
Up % (B5400.0/VOLUHE) S
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JU2. 71 A=TIMNE} Y
¢ (KLFLA) /A3
NEF_DUN = (CeUDEII%E & [GHHI®D ¢ (J¥KD3

U)C?f\ﬁ’r‘)";.ar—}
™ >
'°T'IJ)OI

Co Mo~

Lo (KL*TIME) )) ¢ X/KLS

Z

{La = /7K1y = {1.0/¢
N/ (20 Vl”“\k&“l['s;
/ (2.71%%x{K2*%TIME)

N

£ pan
»
>
]
o,
K
<

=
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= (L*%N 4+ DEF <+ P, %= EXPL - P3 END;

(KL1%LA = X} / 2K2=K1}) % (EXPYL — EXP2) + {{XeV}/K2} =
JU2.TL%%K2%TIMED ) ¢ DEF#(L1o0/(2. TL*®(K2%TIHE) D)3 END3

1

MW Yo
mi
r-’O
£ O -
ozoz-‘ y
vs

Jn

~1l.

S

~ o
LENGTH < {(2.1%5280,0; THEN DO_DUN = DO_UP;

SE DI_DWN = NOSATR - DEF_DUN3S

INT_STC: PUT SKIP EDIT{REACH g TYPE UPSTMoDUNSTM FLOWoCSA,TIME KL K2,
DJ_UPvWﬂ_DUND (COLL2)yAi39COLI{9) A3 COLILT) F{6,2),C0LE28),
Fide2)e COLIBTI oF{6013oCOLIS8Y F{6),COLI68Y FI{5,2),COLITI)F(5,3)0
COL(9037FW 503)CO0L{10L) oF{%o13,COLILL3)F{&ol))s3

uP = FLOWS

D_uP = L_NWUN /7 {0.02 * RIVTENMP + 0.6}3

F_UP = DJNSATR - DO_DHN;
2G6_UP = K120_MIX3s
T3 ADDs
03
Serr e g a0 SR GRS SR e e R K A R GRS R AW G R ARG E G w LG
,¢x=x=,4$*z* e e s 5 8 S0 0 e e s e K 0 e e A st e G G e SR e PN e e K e N G A we s )
AR ’LEA\ SxREAW D.SCHARGING !N O RIVER #%0nilelfeie e fagddid /

Gt e NS e A R AN R R R e K MR GH GRS

v*ki*v%**mh»%*%?%r*m%“d*vvv+¥*v¥***** #ﬁ#*##ﬁ*&&***$*$¢$ﬂ$*$¢$&tc*&ﬁ/

SF [F TYPE = ?SDH® THEWN DCs

REAM_CLEAN: GEY EDITIUPSTHoDUNSTMoDISCHRIVTERP WIDTH,DEPTH)
(COL(25)3F{6:2)sCOL{35) F (6,2} oC0L{45) Fl6y1),COLIST)oFl%ol)o
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CC;;bS;:F:le:7CO;(7537F36713}3

GET EDITIDIoINTENP,ZTLCHI{COLI3T) yFl4oL)sCOLIST)oF(4oldoX{LD)oALLIDS

Id N=2 THEN DO_UPF=DO0O:

CLSF DO_UP = CCSAVR — DEF_UPs

COSATL = 14,65 = Qo&lit% NxCHp ¢ 0.,008%INTEMPEE2 = D,00008%RIVTEMP*%3I]

LENGTH = {[UPSTH — CQUNSTH) % 5280.,03

CSA = 0TS = WIDVA @ DEPVHS

VOLUNE = CSA ¥ LIENGTHS

FLOW = Q_UP + DISCH3

VEL = FLOU /7 CSLy

TIVE = {LENOSVHAVELD / T5400.03

K1i20_MIX = [(XI1z0_UP = Q_UPL / FLOW;

K220_10 = (.2.S0 = VEIL=%0.5) / (DEPTHX%L.5)3

K220_% = K220_10 = 22,2053

K2 = KI20_MIM » Lo0&47=u RIVVERAP~-20.0)3

¢ = {220_E % Lo.C.Lu% IRIMTENP-20.0) ¢

K3 = K320_E % L.0a7u{RIVITHP-20.0)3

LA20 = {BCD_U?» = Q_UrPt 7 FLOWS

La = La20 # {0,02 = RIVYENP ¢ 0,60}

GEF_IN = DOSATY - DO

DISATR = 14065 - 0.4LMRIVIEMNP ¢ 0,008xRIVTENPHH2 — 0.00008%RIVVENPEX3]

DEF = (7IDOSATR ~ DO_LP) = Q_UP) + (DEF_IN %= DISCHDI) / FLOW;

(F FIRMITE = 9RES? THEN O3

o= FLOW % {R5400,0/7V0LUNED S

TF N=Y YHEN Z = D.SCH %= {85400.0/VOLUNME)

ELS Z = Q_UP % {556400.0/VOLUME) 3

4 = K1 & K3 + Us

B = K2 [

RIC_SDH: L _DWN = _A_INITH{10/{2.TL*u{ASTINE)}) ¢ {{Z=LA)/A)} *
(100'_00/{2o71**§ﬂf.,h5)))3

C = DEF_INIT - (ZI=0EF}/B3

D = KL / {A-Ci3

E = LA_INIT - {Z®_A4)/05

F = 10’/ 2o Ti®u{BRTINES )3

G = K1/:{8-A7;

o= LA_INIY - [ZR_LA0/743%

D= 1070 2.7u%w{AXTINEYDS

J = 1/83

o= DEF ¢ {(KisLai/A%

NDEF_SDOH: DEF_CWN = {C¢{DwCiI%F + (G#HI¥*I ¢ (J%K)3

NG5

ELSE NOs

L_DWN = (LA - X/RLY % {1,072 7%= (KI=TIME)D) + X/7K1s

EXPL = Lo0 / (272wl isTIRE))S

EXP2 = 1,0 /7 (2.72%%K2%VIMEI )

ir K2 KL THEN GO

L o= {1 % TINES

0 = (LA-X)Y/KLs

P = (H&+YI/IKIS

DEF_3uWN = (L*0 + DEF «+ P) % EXPL - P3 END3

LSt DO

DEF_DUuUN = (CKI*LA - Ky /4 (H2-K1)) %= {EXPL - EXP2) ¢+ [{X<«Y)/K2) %
{(1oD-1.0/{ 2.7 ={K2=TIME] Y + DEF¥{l.0/12.7L%={K2%*TIME)) ) END;:

END S

IF LENGTH < (0.1%3200.0F THEN DO_DUN = DBOQ_UPs
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CLSE CO_DUN = DrSA-R - cr U DUN

PRINT_SDH: PUT SKI ED..\ALAer.YP dUPSTMoDUNSTM,FLOUY o CSAeTIRE KL K2
CO_JPyBO_DUN. ECOM&2J0n~JJ0COL\9 oAL3) oCOLILIT) oF{602),COLI28),
F(692)vCﬁL(B?JgF(éoiﬁoCOL{SBDvF(bDqCOLiésD9F4592D9C0L479)9F65q3bo
COL{9D7sFI5:2)oCOLLI0LI Fi4ol)oCOL(LLI3)sF(0oLd)3

JI_UP = FLOY:

RID_UP = L_DUN / {0.02 = RIVYCHP + 0.6)3

NEF_JP = BDOSATR - DO_DUNS

Kizo_UP = K120_MIX;

GO TN AnD;

END S

A SR SRt

VAR T R R RV 113 VR e FRuE SES IR N Sivvintel e eviviieivi civ eR et e dvivEei vl R e vy 4

/wiiE REACH COMTAINVKG A DA¥ OR OTHER FLCY CGNTROLLING STRUCTURE wusis/

AT EVINE R IR VES . v TN T R T N G e e N e G e e e G g

FRagr vt R ed eVt Jog PR RvE ot et ol Frgeotei fiefeiofstrivivi o iiiviviiies ¥4

MR LR N AR R e R e AR R R RN e Rk G Ruii )

ELSE IF YVYPE= ®R: THEZ

RESEAVIIR: GET EDITVIURS
F{6,23,C0LILS, ,FL6452
CALUTS . ,Fi&e i)y

GEY EDIT{AND_DUN,DI_LUMyKIZO_10+ZILCKH) {COL(25) oF{691),COLIBT) Fl%olldo
COLISBO) gFiBe3s 9l lSE0AlLIYS

I7 N=L1 THEN DBDO_UP = DO

ELSE DOO_UP = DOSATR - DEF_ULPs

LENGTH = {UPSYTH ~ DHNSTH) * 5280.03

CSA = 0.75 % WIDTH = DEPTH:

VOLUME = CSA » LENGVKS

FLNY = Q_UP;

VEL = FLOW / CSA3;

(LENGTH/VEL] /7 85400.03

3
Mo DUNSTHoREL,RIVVENP WIDTH,DEPTH) (CDL(25),
CO U650 9 F{6o L) sCOLIST) oF (%o 1) oCOLIBS),FLGEo1Dy

TIME =

120_FE = K120_10 % 2.303:

Ki20_MIX = u_ZO 3

K220_10 = {12.90 = YELH%0.5) / {DEPTHE%1.5);
K220_E = Kzz0_10 = 2,303

1 = KLZO_niX % Lo0&7=u{RIVVENP-20.0}3

K2 = K220_E % L 0LS59%R{RIVYEMP-20.0)3

K3 = K320_F % l.0&Y=u{RIVIEMNP-20.0!3

LA20 = BOG_UPS
LA = LA?0 % (002 % RIVTENF + 0.60)5
DOSATR = 14,85 - Oqa&~Q'Vl P+ 0.00B*RIVVEMPY®H2 ~ 0.00008%RIVVEMP®%33;

DEF = NGSATR - 306_UP3

DEF _DUN = DOSATR - DO_GLi:

PRINT_X:PUT SKIP EDIT (REACH, TVPE, UPSTH, DWNSYM, FLOW, REL, CSA, TINE
o Klo 12, DO_UP, DBO_DUN \cog(z,gAe by COLL9Y, AU3), COL(1T7), F(6,2)
» CILI28Y, FiGy21, COLIZTI, Fl6s1ly COLIGTY, Flbol)s COLISBY, Flb)s
COLi&BY, Fi592., COLIT9ts F(593), COLI90)y F{5¢3),COLIL01)y Fléolls
COLILLI33eFl&yid s

N_UP=REL;

DEF_UP=DEF_DUN3S
K120 _UP=K120_MIX3
GO TJ ADDs

END S
YA XA P RN RE ¢ LR VNIV STV IN S ¥4 $e fegeieyed privieditvics iel Tviviviviodesed &*C’?t*‘:ﬂ?/
S

[ R N ek SReRVErS 253 ¥ i N SN R R R **%u$*¢¢‘4$*$vv#*¢««¢¢«*$¢#v&&#a&ﬁ&3/
[kl R now i w g RELACH COV.L NING NO INPUT 70 RIVER #uRQGifgfuigriiii/
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2 KA A OCCURS EELOW REACH CONTAINING A DAN SoSaRuiduGtieun/
ae e % e e NIRRT ERRE R v R  RR CE LR ENRV IR e T RNE 2 ] v%*Vvv“Vth%v*ﬂ%*da¢$F4$$/
56 s S HE AL NSO KT HENT A A N R N N LS R N R R RO R R R R R R AR ERC R R PG R RTINS
ELSE IF TYPE = “N° THEN DO

T =7 + i3

LA_INTT = LAI{T )3

BEF_INIV = DEFIIT! S

NO_iNkoTs GEY ENIV (UPSTH, DWNSTM, DISCH, RIVTEKP, WIDTH, DEPTH) (COL{
2509 Fl&s23e ZOLIZ339 Fl602)s COLE&5), Fl6o1l), COLIST), Fl4y1)y COL{
651, Fiéql)v LU VOY, Fl6aLd )8

GrY EDIVIRIZ2N_10,2 . CHLUI{COL{26)y F{5,3),R(&9),ALLDD

LF N=1 THEN 0N _upP=0G3s

ELSE DO_UP=DOSATR-CIF_UPS

LF\n'H=\UPSuh—D”NS|.5*528090;

CSa = 0,75 = WINTH & CEPTHS

VAOLUYET = CSA * LENGVHS

FLOW=G_UP+DISCH;

VFL=FLW”/”§AG

IME={LENGOTH/VEL) /0540003

(120 _E=R120_10%2.303%

KL22_MIiN=R_z0_E3

220_10=112.90%VE_*#u0.5) J(DE

KZ?” _E=KZ220_10%2.3053
x(‘.ZO MIXEL 047 %% (RIYYERP=20,0)

(2‘ 220 _E* Lo 0L59%u={(RIVTENP~- ZOou?q

3 = K320_E % 1,047« {RIVTENP-20.0)3

LA20 = BOG_DUN 7 (L.0-1.0/{2.71%%{5=K120_E}));

LA = La20 % {0.02 % RIVVEFN? + 0.60)3

BOSATR = 14,65 -~ Q.4LWRIVTENP 4+ O, 008%RIVTEMPRE2 — 0.00008%RIVTENPZ%3;

DEF=DNSATR-DO_UP;

IF FORY{T. = RES? THEN DO;

i

PTH%%1.5) 3

W= Fudl % (86400,0/V0LUMED S

Z = Q_UP % [86%00,0/VOLUNE];

A= K1 + K3 + M3

B = K2 + W3

30D _A: LDUN = LA_IRITS{L.0/{2.7TL#%(ASTINE})) + (QZ3LAV/A) ®
1o0-1.0/1 2 T L TINEIV) S

£ = F_INIT ~ (Z%D 572/83

D= xXi / (A-BI3

Eo= LA_INIY - {Z%LAL/ES

F o= 1,072 7.%%{E*VINEVDS

G = {L/{B-4i3

Bo= LAa_INTT = (ZwLAL/03

I o= LoC/{2TLHu{nmTiNEd s

J = L/B;s

K = DEF « {KLI=LAJ /L3

DEF_N: DEF_DUN = [CHIDHE, I%F + (GRHIRD + (J%K)3

FNDS

ELSE

L_DU - 1200712 7L {KLXTINED}) ¢ X/KL3

EXPL = L.0 7/ FRIETINED) IS

EXP2 = 1.0 / IRV INED IS

iF v

L o= TIv

3 = )
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b= (XeVI/KLG

DEF_N.UN = (L¥0 + GEF + P) % EXPl - P3  END;

ELSE D3

PEF_DUN = ({K1¥la = X) / IK2-K1i} % (EXPL - EXP2) ¢ ({XeVD/K2) =
(1a0-1e0/{ 27 %w{K2¥TIMNET)Y <+ DEFR1.0/82. 7L {K24TINED D)3 END3:

FND;

IF LENGTH < {0.1.%5280.0) THEN DOQDWN = CO_UP3

ELSF DI_DWN = COSATR - BCF_DW

PRINT _N:PUT SKIP EDIT! QEACH TVPEvbPS Mo DUNSTMoFLOU,CSA,TIMEK1oK2,00_UP
eDI_DVNIICALI210AL3) o COLET oA {3)oCOLILT)} yF{6,2),COLI28)oF({622)0
COL{3T I oFibs i)y COLIS0. oF{6)COLISEBYoF{5,2)COLITOY F(5,30,C0LI90),
FIS,3)CoLTL0LisF {2 i oCOLILLA) Fl&e1))5

G_JP=FLS

BOND_UP = L_NDAN 7/ {0,02 = RIVVENP <+ (0.6)3

DEF_U® = DOSATR -~ DO_DHNS

KI20_UP=KL2C_"1i¥ds

GG T3 abdng

SENNE 1 (S Enpvi e g e R i v v S R R i 1 ek eictedviedeiod Friehrivhvivivicany }
; Lot AN RTRENINERI ALY (e v R e R e R v Ead (R e c2vd CENT e R R aN e e R R R aeneRe iRl 4
D US TR DISCHARGING WASTE INTO RIVER witwidiisiesiii/
R G v R N R s RSt vE VR R v Sv IR e R elea g =gusv R el R vEvEsiviepel ch r Rl vivavy 4
PRVENINE PR 2 v EvEve vaviad R gv R DR AVEVE S R EcEes - uRveivivigh R Ry R ras et ooy

FLSE ZF ”YPF~°ID meN D3

TND_DIS:GEYT EDITIUPSTH CUNSTMoDTIS_ JoRIVTEMP WIOTHDEPTHI(COLIZ25),F(6,2)
¢ COL\ )S)v (OQZ;‘JCOL(I\?‘JI vF(ﬁle vCSL(SY’ vFalévl) vCDL(@S) vFQévl»g
COL{TSY,F {6,203

GET FOITI3IMNS,00,%120_ 10 INTEMP, ZILCHIICOLI25) oF(bo1),COLIBT) Flbol)y
COLU46:,FlSe3ds COLIST) sFlssel)oX{19DoALLY)S

IF. N=1 THEN DG_UP= DOS

ELSE DW_UP=DWSATR -DEF_U

DISATW = 14.65 ~ lklmTﬁép + 0., 008%INTEMP%%2 ~ Q.00008CINTEMP¥%3;

Le \GTH—(JPS M- D‘NSI.,*SZBOuO:

CSA = (.75 % WIDTH = DEPTHS

VILUME = CSA % LENGTHS

FLOW=Q_UP+{DIS_1%1.545]%

VEL=FLOW/CLSA

TIME={LENGVH,VEL)/C&400,03

(120 _E=KL20_10%2.35053

L1219 HIX=(~K140_U°\O UrP v iXi2 0 _tw

K220 9‘( 2.80%YF{L 051 /IDEPTH*X

K220 _E=K22C_ IO“ZGJugv

{L= KLZO _MIXHEL 05T RS

K2=K220 _FHl.3lo0%m{RI

{3 = K320_E % L.0&7% ‘f RIYTEMP- 20 0,)

LA_IN=B0DS/{ 10-1.0/12.70%{5%K120_E))i;

LA20 = (£33N0 _UP%Q_UP) + (LA_IN % GIS_I3) / FLOWS

LA = La20 % {0.02 % RIVVEHP ¢ 0.80)3

NEF_IN=D0S-7TUH=-0T3

DOSATR = 14065 - Q.41i%RIVYEMP ¢ 0.008%RIVTEMP%%2 - 0.00008%RIVTENP%x3;

DEF={{{DUSATR-DO_UP}+G_UF;+{DEF_IN*DIS_T))/FLOW;

[F FORNMIT) = PRES?® THEN 093

rooE ot

<e

{DIS_E%L545)))/FLOU:
%1.503

W= FLOW % (86&00.0/VYCLUNRES 3
Z = Q_UP * {86400.0/Y0LUNE!S
A = K1 ¢ K3 <+ 3
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BAD_.0: L_DUN = LA_INIT#I1.0/7(2.71%%{AXTIME})) ¢ ((Z&LAD/AD ©
(Lon=1.0/{2a 7180 ARTIRE} DS

C = BEF_INIT - {(Z%DEFI/A3

D = KL / (4=R);

E = LA_IMIT - (Z#LR}/E3

F oz 1.0/(2.70i%%{B%7INE)}3

G = Ki/{5-433

S = LA_INIT - {Z¥LAJ/AS

To= 1,0/{2.TL%%{A%TVINE) S

= 2/83

K = DEF ¢ {KI%LA)/A3

DEF_[0: DEF_DWN = (C¢ID®E)I4F ¢ (GHHI*T ¢ [JI%K);

FND 5

ELSE D03

U_DUN = {LA =~ X/KL, % {L1.0/(2,TL*%(KI¥TIMED)D ¢ X/KL3

EXP L = 1.0 / {2, 7L%%IKLSTINES!;

SHP2 = 1.0 / (2. TLwH{K2HTINE))3

L
2
IF K2 = K1 THEN 0G3

L= K1 % TINEs

J = {La-¥Mo/8.s

P o= {XsVI/KLS

DEF_DWN = (L0 + BEF « P} » EXPL - P35 END; 5.

ELSE N2 >
NDEF_DYWN = (IKi%LA - X) / (X2-K1)) % (EXPL — EXP2) ¢ ({X&V)/K2) ¥

11.0-1.0/{2.71%%{K2%TINES)) ¢ DEF(1.0/12.TL¥%{K2%T{ME)}ID3 END3

SND3

IF LENGTH < (0,1%5280.0) VIHEN DO_DWN = DO_UP3

ELSE DI_OWN = DGSATR - DZF_DUWN3

PRINT _ID:PUT SKiP FDET(REAMivTYPEvUPSTH,DHNSTMVFLOH9CS&9FEHEgKE9K29
NDO_UP.DO_NUN] {COLI2)sAI31C0LID)oAL{3}-COLILT)F(6:02),COL{2B)Y,F(6,2),
CILI3TYoFl6,10,C0LISBY ,FI6)sCOLIGEYF(5,2),COLITI)F(5930,C0L{90),
F(5:3)¢COL{L10LIyFl%s1)COLILLIB) oF{%old)5

Q_UP=FLNW;S -

RID_UP = L _DUWN / [0.02 = RIVTEMP ¢ 0.6}

NEF_UP = DOSATR - CO_DUN3

K120 _UP=K120_MIX3

GO 7O aDDs

ENG S

Ve s s B e e e A G R

SPVEvEvE ErEnBed v cRhtol g el ep Vv SV R i3 Ao e i vl B eRa] RU"/
S e v 4 a%p 3r e e Kt 302 e e 2 o e K e K2 9 AR e X R e s K A KT e e A e ke ez e f
HYTHDRA”TVG WATER FROM RIVER Su&kugfudsdnds
AN R e A R R G LR RN R R ek R R gy )
»«-.--y-*fa-v“4-‘&»*****$$‘4&*¢¢¢****>‘; SFeprioivicgel 323235

£l R SN R BT R R RN
ELSE [F TYPE=?{ye
IND _HTRIRWL:GEY
Fl59250C0LL3
CALL{TS),Flb

*lC)
ce

? HJD”\STMVWTHDR RIVTEMPWIDTH,DEPTHI(COL(25]),
025 oCOL(%5) oF{6923,COLIST) oF(4%y1)COLIO5)sF(651),

IF N=1 YHEN DL_URP=303
FLSE N3 _UP= DOSAT -0EF_UP3S i
LENGTH=UPSTM-CUNSTHI®0250,0%

CS& = N,75 % UIDTH = DEPTHS
VOLUME = CSA % LEINGTRS
FLNW=Q_UP+{VTHDR=1, 545} 3
VEL=FLOW/CSAS



78

TIME=ILENGTHAVIL . 7004C0.53
K1ZO_niN=Kizl_Ums

K220_.0={12.50%\VCL

Ro2N_E = KZ2Z0_: 63
AL=HL20_MENE o

{2=K220_E# L

K3 = K320_F % L.0&7uu(RIVVENZ~20.0
LL20 = SGD_UP FLCHIC_LP s

LA = LA20 % {0.0z = RIVTEN? & 006003
DOSATR = 24,65 - 0oGLRIVTENP ¢ 0.008%¥RIVTEMP®22 - 0.00003%RIVTEMPU%3;
NEF=DOS.LTR-BO_LU?S

IF FORYIT, = ¥AEC? THEN LT3

W= FLOY % {86400.0/7VILLLIY

I = Q_UP % {86%00.0/VOLUMNE}S

L= KL o+ K3 ¢ U3

B o= Kz o+ s

W N

cLDUN = LA 712,71 {ASTINEYID <+ ({Z%=LA}/AD ©
~1.0/.2, / vru~*TJn_.x§a

INTV ~— wQEFL/GY

m
(W]
el
"-l

aﬁ(

I
Creore

“fiio

MO e

KL /7 {A- 8‘8
LA_INIY - (ZLA0/703%
L o0/L 2o TLESLETINES TS

KL/18=A03%
LA_INIT — {Z~LAV/A3
LeDZ2,Tinn{nwTIMED I}

b T L T S [ I T O [ 1}

DEF « (KImLA /743
Y o

DEF_DWN = {C#{C=EII*F ¢ {G*HI%I + (J%K);

lm

{La - X/

TLwu(L*TIMNE) )] + X/7K13

L = &
wP2 = 1.0 / {Zoalv~k&2¥TZHE
F K2 = {1 VHEN 063

g8 e At
l\:. oy INes
o

OH]G‘OOF‘-«wwrnr‘mr_noxt,-«:z:m'nmcvn

= INEVIIRLS

SFE._DUN = (L%0 « DEF + P, ¥ IXPL - P% END 3
LSZ CGs .
EF_DUN = ( e, = X 2-X1)0 & LEXPL - EXP2) ¢ LNV )/IK2) @

Ji ¢ DEFS{1.0/{2.7Lw{R2%VIMNEDDDS END:

IF LENGTE < {0..:32C0C.0F THEN DO_DWN = DO_UPS

ELSr D3_DUN = DOSAVR — UEF_CUN3

PRINT _1HsPUT SKIk EDIVIRCACH TYPEUPSTHoDWUNSTHoFLCH (CSA9TIMEoRL K2,
DI_UreBO_DUNI{COLIZ o hi3)oCOLIOYoAIBIoCOLILTD o F(602),COLI2BIoF (62D
COLIST o oy L) oCOLISEL 7 nv)pCGLg0859F€592D COL{T9) F{5,3),COLI90),
rtzv,arquL\-o Yor{dorioCCGL (1235)oF{4sld )3

Q_UP=FLOM: .

/ (0,02 % RIVTEMP ¢+ 0.6}

= L_DL. -
DEF_UP = DOSATR - DG_DUNS t
L2060 _UP=X120_MiX3
GG 70 AGD3
cinls
e e e 2 RO e K B R e G R e R e e R R G BRI GGG GG R B R G f
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VAR TR RV RY IR VR T e SR SRR N EAS vy T VENECE TV VS eEvEe v E e Rl ot vivEvEstedeteivd v el ci et efedeivivivEodes chedel

gz ios ke LG YNDUSTRY WITVHORAWING VAVER FROM RIVER “uditblunhsliiiy

/%% REACH IN WHICH AN INDUSTRY®S wiITHDRAMAL AND DISCHARGE POINTS wuiiz/

Jenwsasesk ARE CLOSE ENOUGH TO BE CONSIDERED AS ONE POINT #&iulitstse/

/v de e v skole iz ol 0 T s NN R RO A R BN N e e e RN R N RO R SRR R R R RV EPRRLE QLR S

/3 NE e e e %e FE 0 e s ol M R N SR N N RO N e R R R R PMBERR R G UG R RGeS

ELSE [F TYPE=7.WC? THEN BGs

IND_wWTHDRIW_CON: GET ENIVIUPSTMNDUNSTM oWTHORGZILCHI{COL (25} ,F{6,2),
COLLB5I,FL6,2)oC0UL145) 97 (6:2)oX{29)9A012)) 3

{F N=1 THEN GO_UP=D0;

FLSE DN_UP=DNSATR-DEF_UPS

FLOW=Q_UP+{UVHDR%* 1,545} ¢

DO _DBWN=DG_UP;

La20 = 3IND_UP % {FLOYW/Q_UL>Y3

PRINT_IWC: PUT SXIiP? CCITIREACH,VYPEUPSTI,DUNSTHM,FLOY,D0O_UP,DO_DWN)
\fUL(7)va(J,9COLn939A135sCOL(l?)oFKévZ)vCOL(ZB)pFlbgzﬂgC0L037Dv
FidelroCILILOL 2 oF{ 4ol TOLLLI3)oF{&o1) 10

Q_Jp FLOV S

SAID_UP = LA20:

DEF _JP=DEF_DUN3

K120_UP=K12C_N1X3

GO T AND:s

LAST:END STARTS




APPENDIX II
DATA FOR EACH REACH
FOR

JUNE 1972--SEPTEMBER 1972
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TABLE XI

CLASSIFICATION, RIVER MILE LOCATION, AND
CHANNEL DIMENSIONS OF WARRIOR RIVER REACHES

81,

Reach Classi- Upstream Downstream Average Average
No. fication River Mile River Mile Width Depth
(ft.) (ft.)
1A SD 385.00 382.00 1125 54.7
2A SD 382.00 367.50 1270 71.7
3A SDH 367.50 366.00 1250 83.7
LA R 365.00 365.00 1440 85.7
SA N 3565.40 361.50 1140 32.5
64A SDH 351.50 347.50 1240 60.5
7A R 347.50 346.90 1500 76.5
3A N 346.90 346.30 970 16.9
SA SD 346,30 345.70 500 22.9
10A Iwe 345.70 345.70 - - =
10B 1D 345.70 345.20 520 19.9
i0C SDH 345.20 344,40 520 19.9
11a Iwe 34440 344.40 - - -
11B ID 344,40 344.39 470 20.4
i1C ID 344,39 343.70 470 20.4
124 SDH 343.70 343.50 500 19.9
13A ID 343.50 343.00 530 19.4
14A v 343.00 342.50 640 18.9
154 ID 342.50 341.60 500 19.9
16A SDH 341.60 338.41 590 34.9
17A ID 338.41 338.39 470 49.9
18A R 338.39 338.10 750 51.4
194 N 338.10 337.00 510 25.0
20A v 337.00 336.70 410 25.3
21a 336.70 335.00 350 25.5

ID




TABLE XII

INPUT DATA FOR WARRIOR RIVER REACHES

River k, 20 °c Teupera- BODg D. 0. ky 20 o¢
Input Tempera- BODg D. 0. Input ture of of of River
Reach Flow ture Input Input (base 10) Input River River (basc 10)
No Month (cfe) (°C) (ppm) (ppm) (days“l) °c) (ppm) (ppm) (days™1)
1A June 1895.0 27.0 2.5 6.0 0.060 27.0
July 2150.0 27.9 3.2 6.7 0.060 27.9
August 1615.0 30.0 1.0 6.6 0.060 30.0
September  1975.0 28.0 3.0 5.9 0.060 28.0
2A June 65.0 27.7 2.5 7.0 0.060 25.6
July 100.0 29.0 3.5 5.2 0.060 28.9
" August 100.0 30.0 3.5 7.1 0.060 28.9
September 125.0 28.5 2.5 6.5 0.060 25.0
3A June 10.0 28.5 8.0 20.0
July 10.0 28.0 8.0 22.2
August 15.0 29.1 8.0 22.8
September 10.0 28.9 8.0 22.8
4A June ©1970.0 28.5 1.0 3.7 0.060
July 2260.0 27.5 1.5 3.4 0.060
August 1730.0 29.1 1.5 5.1 0.060
September  2110.0 28.9 1.5 3.0 0.060

8



TABLE XII (Continued)

River ky 20 °C  Tempera~  BOD5  D. 0. k3 20 °C
Input Tempcra- BODjg D. O. Input ture of of of River
Reach Flow ture Input Input (base 10) Input River  Rivex (base 10)
No. ~ Month (cfs) (°C) (ppm) (ppm) (days™1) (og) (pp) (ppi) (days™)
5A June 0.0 27.3 0.055
July 0.0 26.2 0.055
August 0.0 28.2 0.055
September 0.0 27.8 0.055
6A June 15.0 26.7 5.0 22,2
July 25.0° 26.0 5.0 23.3
August 10.0 29.0 4.6 26.7
September 15.0 28.3 4.8 26.7
7A June 1880.0 28.3 2.7 4.6 0.095
July 2270.0 27.5 3.5 4.3 0.095
August 1730.0 28.9 4.0 3.9 0.095
September  2040.0 28.0. 4.0 4.4 0.095
8A June 0.0 25.7 0.065
July 0.0 26.7 0.065
August 0.0 27.2 0.065
September 0.0 27.2 0.065
9A June 25.0 25.7 2.0 8.0 0.060 25.6
July 35.0 26.7 2.5 8.0 0.060 - 28.9
August 25.0 27.2 2.5 8.0 0.060 28.9
September 15.0 27.2 2.6 9.4 0.060 25.6

£8



Reach

No.

Month

e+ st & ety e = e

10A

10B

10C

11A

11B

June

July
August
September

June

July
August
September

June

July
August
September

June

July
August
September

June

July
August
September

TABLE XII (Continued)

Rivew

Input Tempoira- BODs D. O.

Flow ture Input Input

(cfs) (°¢) (ppm)  (ppm)

- 0.43

- 0.43

~ 0.43

- 0.43
0.40 26.5 610.0 0.0
0.43 27.3 450.0 0.0
0.43 27.8 280.0 0.0
0.42 27.2 410.0 0.0
0.20 26.5 1550.0 0.0
0.20 27.3 1550.0 0.0
0.20 27.8 1550.0 0.0
0.20 27.2 1550.0 0.0

- 1.12

- 1.12

- 1.12

- 1.12 _
0.21 26.5 5.0 3.0
0.21 27.3 5.0 3.0
0.21 27.8 5.0 3.0
0.21 27.2 5.0 3.0

ky 20 °c Tempera-- BODj

Input ture of
(base 10) Input River
(days—1) (°C) (ppm)

0.005 33.0

0.005 33.0

0.005 33.0

0.005 33.0

0.025 33.0

0.025 33.0

0.025 33.0

0.025 33.0

0.025 34.4

0.025 34.4

0.025 34.4

0.025 34.4

D. 0.
of
River
(ppm)

ky 20 °C
of River
(base 10)
(days—1)

%8



PP

Reach
No.

Month

11C

12A

13A

14A

15A

June

July
August
September

June

July
August
September

June

July
August
September

June
July
August
September

June

July
August
September

Input

Flow
(cfs)

River
Tempera~

TABLE XIT (Continued)

ture
(°c)

26.
27.
27.
27.

26.
28.
27.
27.

26.
28.
27.
27.

26.
28.
27.
27.

27.
27,
27.
27.

NCO O W N oo O W

N o O

ki 20 °C
BODg D. 0. Input
Input Input (base 10)
(ppm)  (ppm)  (days™1)
84.0 0.0 0.085
52.0 0.0 0.085
54.0 0.0 0.085
46.0 0.4 0.085
7.5
7.0
7.0
7.5
2.2 5.0 0.002
2.2 5.0 0.002
2.2 5.0 0.002
2.2 5.0 0.002
100.0 0.0 0.135
100.0 0.0 0.135
100.0 0.0 0.135
100.0 0.0 0.135

Tempera-

ture

Inp

(°C)

ut

33.
33.
34,
33.

25.
28.
27.
24,

24,
24,
24,
24.

35.
35.
35.
35.

OO OO OO OO

OO OO0

BODg D. 0O ky 20 °C

of of of River
River  River (basz 10)
(ppm)  (ppm) (' ys™d)

S~ 000 O

——— e e

S8



TABLE XII (Continued)

20 °¢

River Tempera- BODj5 D. 0.
Input Tempera- BOD D. O. Input ture of of
Reach Flow turec Input Input (base 10) Input River River
No. Month (cfs) °c) (ppm) (ppm) (days”l) (°c) (ppm) (ppm)
16A June 0.6 27.0 4.0 21.0
July 0.4 27.5 4.0 23.0
August 0.5 27.8 4.0 22.0
September 0.6 27.2 4.0 21.0
17A June 0.32 26.7 58.0 7.0 0.100 27.0
July 0.50 28.5 40.0 8.0 0.100 28.0
August 0.38 27.8 28.0 9.0 0.100 28.0
September 0.50 27.2 60.0 7.0 0.100 27.0
18A June 2150.0 26.7 2.5 6.6
July 2630.0 28.5 1.5 5.7
August 2000.0 27.8 1.0 5.4
September  2320.0 27.2 2.0 6.7
19A June 0.0 26,7
July 0.0 28.5
August 0.0 27.8
September 0.0 27.8
20A June - 0.40 26.7
July - 0.40  28.5
August - 0.40 27.8
September -~ 0.40 27.8

ky 20 °C
of River
(bese 10)
(days‘l)

[oNeNole]

QO OO

.040
.040
.040
.040

.020
.020
.020
.020
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TABLE XIT (Centinued)

River kl 20 °¢ Tempera- BODg D. 0. kl 20 °c

Input T« pera~ BODg D. O. Input ture of of of River

Reach Flow ture Input Input (base 10) Input River River (base 10)

No. ~ Month (cfs) (°C) (ppm) (ppm) (days™1) (“c) (ppm) (ppm) (days™D)
21A June 0.46  26.7 22.0 2.9 0.025 35.0
July 0.46  28.5 22.0 2.9 0.025 35.0
August 0.46 27.8 27.0 3.0 0.025 35.0
September 0.46 27.8 27.0 3.0 0.025 35.0
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APPENDIX III

DETAILED MAPS OF THE SECTION OF

THE WARRIOR RIVER USED IN THE

MODELING STUDY
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